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To Duchess
I would give anything to 
l iv e  those years again.
Abstract
This study examines some aspects of lead poisoning in the Mute Swan 
( Cygnus o lor) .  In 4 years I examined 860 carcasses from a study area 
in East Anglia. Seventy-four per cent of the birds concerned had died 
of lead poisoning, from ingested fishing weights. Annual aerial 
surveys showed that the number of l ive  birds in the study area declined 
by 22% during the 4 year period. When 23 carcasses were re-introduced 
to th e ir  original locations, 5 were re -notif ied  and 16 disappeared 
without trace. A comparison of gizzard g r i t  size between a group of 
lead-poisoned birds and a similar number of birds, which had died of 
other causes, indicated that lead weights, when available are ingested 
by choice. Results from an environmental survey showed that without 
ingesting fishing weights swans carry a l igh t burden of lead, resulting  
from contamination by airborne lead, probably originating from 
petrol-engined motor vehicles.
An analysis using the bodies of lead-poisoned swans, found freshly dead 
in the f ie ld ,  showed that lead can be excreted via the b ile  and lower 
gut.
Controlled experiments using pigeons (Columba l i v ia )  and mallard (Anas 
platyrhynchos) showed th a t : -  (1) tissue lead and zinc values monitored 
over a period of one year became elevated due to changes in physiology 
during moult; and (2) changes in calcium metabolism during eggshell 
formation had no detectable effect on blood lead values. Results 
indicated that in pigeons most of the calcium used in the formation of 
eggshells is derived d irec tly  from the d ie t ,  rather than from bone 
reserves.
As a treatment for lead poisoning, daily  injections of thiamin were 
administered to lead-poisoned mallard. No detectable effect on the 
progress of the intoxication was found.
Tissue lead values were lower in lead-dosed ducks receiving a d iet  
supplemented with phytic acid than in a sim ilar group receiving no 
supplementation.
Pigeons dosed with lead scored more " fa ils"  during a simple performance 
test which measured landing a b i l i ty  than did a control group of birds.
Zinc was tested as a possible fishing weight substitute and, at the 
levels administered, was found to be non-toxic to mallard. Combined 
dosing of lead and zinc showed that zinc had a demonstratable 
protective action against lead to x ic ity .
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Introduction
Lead poisoning in Mute Swans ( Cygnus olor) ,  due to the ingestion of 
lead fishing weights, was f i r s t  recognised in 1973 (Simpson et al 
1979). Since that date post-mortem and blood lead examinations from 
various parts of Britain have shown lead poisoning to be a major 
mortality factor in Mute Swans (Birkhead 1982, 1983; French 1982; Sears 
1988, 1989).
In this present study I chose to concentrate on some aspects of lead 
poisoning which could be investigated by post-mortem examination of 
dead swans and by controlled laboratory experiments using other 
animals. I concentrated on those aspects of the problem which had been 
least thoroughly studied by others, and on which information was most 
needed.
The investigation is divided into 10 parts, each written as a d is tinc t  
chapter. Relevant references follow each chapter. Two chapters have 
already been published as sc ien tif ic  papers.
Swan carcasses which were collected from my study area. East Anglia, 
were used to determine the proportion of swans dying of lead poisoning 
(Chapter 2 ) .  The fresh bodies of swans found dead in the f ie ld  were 
used in the investigations reported in Chapter 5. For the rest of the 
study, ducks (Chapter 6, 7, 9 and 10) and pigeons (Chapter 3, 4 and 8) 
were used as experimental animals.
To complete this study, I have driven over 28,000 miles, carried out 
approximately 1000 post-mortem examinations and processed a similar 
number of X-ray plates. Together with Paul Freestone, I have analysed 
over 3500 tissues for 4000 determinands.
The aims of the study were as foi lows
1) To investigate the proportion of swan deaths in a defined study 
area caused by the ingestion of lead fishing weights.
2) To investigate seasonal changes in l iv e r  lead residues.
3) To determine the effect of calcium stress during egg formation on 
blood lead values.
4) To investigate the role which b ile  and gut secretions play in the 
elimination of lead from the bodies of lead poisoned swans.
5) To study the effect of d a ily  administration of Thiamin (Vitamin Bl) 
on lead poisoned ducks.
6) To determine what effect a d iet supplemented with sodium phytate 
has on lead tox ic ity  and tissue lead residues in ducks.
7) To investigate what effect dosing pigeons with lead shot has on 
motor co-ordination and landing a b i l i t y .
8) To investigate the s u ita b i l i ty  of zinc as an alternative to lead as 
a fishing weight and gunshot.
9) To study the effect of combined dosing of both zinc and lead to 
mallard.
Chapter 1
Background
Throughout history lead and its  salts have caused considerable human 
and animal suffering. The indiscriminate use of lead salts has had 
horrifying consequences such as white lead added to flour to make a 
whiter lo af, and lead acetate or sugar of lead added to wine to make i t  
more palatable. Such practices were only prohibited under the 
Preservatives Regulations 1925-27 when i t  became il leg a l to use any 
compound of lead in food.
There have also been many unusual causes of lead poisoning in people 
including the use of old car batteries as a regular source of fu e l,  
lead opium pipes, theatrical grease paint containing lead pigments and 
the use of lead paint in domestic accommodation and on childrens toys 
(Curry 1964).
Lead is the most common cause of accidental poisoning in domestic 
animals (Waldron & Stofen 1974). Dogs (Zook et a l . 1972), ca ttle  
(Hammond et a l . 1956), and sheep (A llc ro ft  & Blaxter 1950) have a ll  
been poisoned. Primates, f r u i t  bats and other animals in zoos have 
become intoxicated with lead a fte r  chewing bars painted with lead based 
paints (Zook et a l . 1970). Atmospheric fa llo u t of lead has also caused 
lead poisoning in zoo animals (Bazell 1971).
Waterfowl ingest spent lead gunshot during feeding and retain i t  as 
g r i t  in the gizzard; as the pellets are eroded, some of the lead is 
rendered soluble and is absorbed in the digestive t ra c t .  Lead 
intoxication follows and the birds may eventually die. This form of 
lead poisoning has been known in wild waterfowl since 1874 (P h illips  & 
Lincoln 1930). Wetmore (1919) predicted that lead poisoning due to 
ingestion of gunshot would increase, and from then to the present much 
sc ie n t if ic  l i te ra tu re  has been published on th is topic. The reports 
vary in magnitude from "several mallard ducks dying of lead poisoning" 
to an "estimated 16,000 ducks dying in a period of two years". Based 
on his examination of 1003 ducks gizzards (Reid 1948) calculated that 
225,000 ducks in the Minasota shooting bag contained lead shot. 
Bell rose (1959) documented 34 d ie-o ffs  due to lead poisoning between
1937 and 1959.
The number of dead birds in these and other die-offs is not a re liab le  
index of the impact of ingested lead shot. Continual low level 
mortality usually goes undetected in wild waterfowl populations. This 
was clearly  shown by Bell rose (1959) when he dosed and tagged several 
thousand mallard ( Anas platyrhynchos) with varying loads of lead shot. 
Birds dosed with only one lead shot were more vulnerable to hunting and 
had higher mortality in the f i r s t  year than did controls. In the 
United States lead poisoning is thought to account for the loss of
of between 1.6 and 2.4 m illion ducks annually, a figure which excludes 
sublethally affected birds (Bellrose 1959, US Fish and W ild life  Service 
1976), in Great Britain a survey by Mudge (1983) suspected that 8000 
mallards are lost each year a fter  ingesting lead shot.
During 1973 on the River Trent in Nottingham up to 17 Mute Swans 
( Cygnus olor) died of lead poisoning. The cause was found to be lost
or discarded lead fishing weights (Simpson et a l . 1979). In the
following years several surveys demonstrated that there was a serious 
national lead poisoning problem for mute swans (Hunt, 1980; Birkhead, 
1982; French 1982; Sears 1988).
The Nature Conservancy report (Lead Poisoning in Swans 1981) summarised 
the available evidence on lead poisoning in the British mute swan
population. This report highlighted several areas of high risk where 
in some cases up to 80% of the swans examined had died of lead
poisoning after ingesting lead fishing weights.
I t  is generally agreed that the ingestion by birds of lead shot or i ts  
salts has no beneficial effect and that lead at elevated levels plays 
no part in normal metabolic a c t iv it ie s .  But here the agreement almost 
ends.
Wetmore (1919) states that ducks with lead poisoning always had a good 
appetite, although six No.6 gunshot were nearly always fa ta l ,  whilst 
other authors (Bell rose 1964, Jordan & Bell rose 1951) observed that 
ducks cease to feed as lead intoxication progresses.
Young birds have been shown to be more susceptible than adults, and 
males more vulnerable than females in the breeding season, although the 
la t te r  position was reversed in the autumn (Jordan & Bell rose 1951). 
No difference in susceptib ility  according to age or sex was shown with 
ducks dosed with eight No.6 lead shot (Longcore 1964).
The effect of d iet on lead poisoning has been studied. Mallard on a
whole corn diet dosed with gunshot experienced higher mortality than
dosed birds which were fed on corn-meal (Jordan & Bell rose 1951). But
other authors have demonstrated no difference (Longcore et a l . 1964). 
Sim ilarly, Irby et a l . (1967) dosed mallard with 8 No.6 shot and found 
a 90-100% mortality in ducks on a whole corn d ie t .  Birds dosed with 5 
No.6 shot on a high f ib re  d iet retained more shot and were c l in ic a l ly  
more i l l  than birds with the same dose on a low fibre d ie t .  The high 
fibre diet also contained higher levels of selenium and calcium 
(Clemens et a l . 1975). Supplementation of the diet with selenium 
reduced mortality of lead dosed mallards below that of birds on a low 
selenium diet (US Fish W ild life  Service 1976).
Grit status and type has been discussed by several authors. Birds 
which were deprived of g r i t  but given lead shot withstood lead 
poisoning longer than birds provided with adequate supplies of g r i t  
(Wetmore 1919). The erosion of ingested lead shot was higher in birds 
provided with g r it  than in birds deprived of g r it  (Jordan 1952). Godin 
(1967) showed no difference between lead poisoned mallard provided with 
various types of g r i t  or no g r it  at a l l .  Longcore et a l . (1964) found 
that dosed birds allowed access to crushed oystershell g r it  experienced 
fewer deaths than birds fed either quartz g r i t  or no g r it  at a l l ,  and 
that lead dosed birds with g r it  experienced fewer deaths than lead 
dosed birds without g r i t .  Beer & Stanley (1965) maintained that excess 
g r i t  rapidly passes through the alimentary t ra c t ,  taking any lead 
pellets with i t .
Experiments with lead salts show equally conflicting results with 
d iffe ren t bird species. Ringed tu r t le  doves, given lead acetate in 
drinking water had higher tissue levels of lead than did control birds 
(Kendall & Scanlon 1981), whereas b ro ile r  chickens given a similar 
treatment did not have s ign if icantly  higher levels of lead than control 
birds (Vogt et a l . 1977).
The pathology of lead poisoning has been extensively reported in 
various waterfowl (Wobeser 1981). Swans suffering from lead poisoning
can be recognised by the abnormal carriage of the neck, with the lower 
th ird  usually supported on the back. (Simpson et a l . 1979, Birkhead 
1982). On land, affected birds are usually found lying down with the 
fu l l  length of the neck resting on the back or alongside the body on 
the ground. Affected birds in the final stages of lead poisoning are 
unable to move.
During the post-mortem examination of geese Adler (1944) observed 
ulceration of the gizzard epithelium and enlarged livers  and spleens. 
In swans Simpson et a l . (1979) did not observe such symtoms and livers  
and spleens were much smaller than those in control birds. Grey or 
green livers  were noted in Canada Geese Branta canadensis by Cook and 
Trainer (1966), and in swans by Rosen and Bankowski (1960) and French 
(Chapter 2 ) ,  but not by Simpson et a l . (1979). Oedema of the head was 
noted by Trainer & Hunt (1965) and Bagley et a l . (1967) in Whistling 
Swans Cygnus columbianus and Canada Geese Branta canadensis 
respectively, but not by French (Chapter 2) or Simpson et a l . (1979) in 
mute swans.
Various haematological parameters have also been studied. (See Bates 
et a l . 1968, Simpson et a l . 1979, O'Halloran and Myers 1989).
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Chapter 2
Lead Poisoning in Mute Swans {Cygnus oloi) 
A Survey in East Anglia 
from October 1981 to January 1986
INTRODUCTION
The poisoning of waterfowl by the ingestion of gun-shot pellets is well 
documented throughout Europe and North America (Belrose 1959; Del Bono 
1970; Clausen et a l . 1975; Beer & Stanley 1964; French 1982). In 
B rita in , a jo in t  study, carried out in 1973 by ITE and the Veterinary  
Investigation Service near Nottingham, was able to identify  for the 
f i r s t  time that ingested anglers' weights were responsible for the
deaths of Mute Swans ( Cygnus olor) on the River Trent in Nottingham
(Simpson et a l . 1979). In America, several common loons ( Garia immer)
died a fte r  ingesting lead anglers' weights (Locke et a l . 1982). Swans 
and other waterfowl are assumed to take in the lead weights along with, 
or in mistake fo r ,  g r i t  which they need to aid the breakdown of food in 
the gizzard. Following the jo in t  ITE-VI Centre study in 1979, the
Nature Conservancy Council report on lead poisoning in swans was 
published (NCC 1981). This report iden tif ied  lead poisoning from 
anglers' weights as being the biggest single cause of recorded Mute 
Swan deaths in Great B rita in . I t  also identif ied  several 'hot spots', 
where 70-90% of reported swan deaths were due to lead poisoning. Other
13
studies have shown that previously substantial swan populations have 
declined markedly, (eg River Thames, Birkhead 1982), while in others 
they had disappeared almost completely (eg River Avon, near Stratford ,  
NCC 1981). Further surveys on the Thames carried out regularly since 
then have shown a further decline (Sears 1988).
The major objectives of my study were:
(1) To carry out post-mortem examinations (a) to determine the 
proportion of recorded swan deaths attributable  to the ingestion 
of lead fishing weights and (b) to examine the bodies for any 
pathological changes associated with lead intoxication.
(2) To census the swan population of the study area once each year to 
gain a measure of the proportion la te r  found dead.
(3) To examine the content of lead in r iver water, s o il ,  vegetation, 
fish and live  swan blood, as a measure of environmental 
contamination.
(4) To examine the relationship between gizzard g r it  size and ingested 
lead weights in dead birds.
(5) To determine the reporting rate of dead swans by reintroducing 
swan carcasses back into the f ie ld .
Study Area
Between October 1981 and January 1986 a study was carried out on the 
rivers Welland, Nene, Ouse and Cam in East Anglia, a total r iv e r  length
14
of approximately 500 km and also on gravel pits and reservoirs within 
the same area. During this time, 848 Mute Swan ( Cygnus olor) carcases 
were acquired from the area and examined, together with 12 l iv e  birds 
which la te r  died, an average of more than 200 per year.
METHODS
post-mortem Analysis
Immediately after receipt, carcasses were X-rayed to fa c i l i ta te  easier 
location of lead fishing weights or other foreign objects. The 
contents of the gizzard and proventriculus were examined and pieces of 
lead shot were identified by eye. In the majority of birds with lead 
shot, i t  was possible to distinguish v isually  between fishing weights 
and spent gun-shot. Where there was doubt, the material was tested 
chemically to d iffe ren tia te  between the 2 sources. Gunshot lead 
contains high levels of antimony as a metal hardener, whereas fishing 
weights, which need to remain p liab le , contain v ir tu a l ly  no antimony. 
Only 14 mute swans were shown to have carried gun-shot in the ir  
gizzards. These birds were eliminated from the study, even though 5 
contained anglers' weights as well as gun-shot. Marked swans which had 
received treatment for lead poisoning and were then introduced into the 
area by rescue services and subsequently died were also rejected. Most
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of these swans originated from the Norfolk Broads and had already been 
included in data on lead poisoning produced by the now defunct Swan 
Rescue Service. A large flock of swans at St Neots on the River Ouse 
received regular homeopathic treatment by a local animal welfare group 
as a preventitive measure for lead poisoning. This treatment consisted 
of dosing the swans with bread soaked in extremely d ilu te  solutions of 
lead. I was unable to find a way of determining what contribution this  
treatment would have had on tissue lead levels and so any bodies from 
this area were excluded from the survey. Chemical analyses of l i v e r , 
kidney and bone were carried out to help establish the cause of death.
pathology and Clin ical Observations
Birds suffering from lead poisoning had an abnormal carriage of the 
neck, the lower th ird  being supported against the back. Many birds in 
the la te r  stages of lead intoxication become anorexic due to the 
impaction of the gizzard, proventricul us and oesophagus, with food 
unable to pass through the alimentary canal. The birds were invariably  
emaciated, exhibiting a 'razor ke e l ' .  Vent feathers were soiled and 
usually stained green. Many birds, even in this state , would carry on 
preening, prior to death cloacal temperature would fa l l  from 41°C to 
38°C and remain low until death. Birds suffering from lead poisoning 
were usually easy to catch and handle.
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At post-mortem, pectoral muscle, l iv e r ,  kidneys and heart were found to 
be smaller than in birds dying of other causes. Livers were dark and 
m etallic  in appearance with green staining around the gall-bladder, 
which was always grossly distended. Kidneys were loose and were more 
easily removed from the body than those from healthy birds. Impaction 
of e ither the gizzard, proventriculus or oesophagus, or a combination 
of a ll three, occurred in 58% of those birds dying of lead poisoning. 
The horny epithelia l lin ing of the gizzard was usually damaged and easy 
to remove. The gizzard invariably contained lead weights as well as 
food and g r i t .  The intestines were flabby, devoid of food and had a 
putrified  odour. The cloaca usually contained clear watery excrement.
These findings are in general agreement with previously reported data 
(Simpson et a l . 1979; Birkhead 1982).
Aerial Survey
In order to assess the number of swans in the study area, an aerial 
survey was carried out in November each year during 1981-1984. The 
area covered the Rivers Welland, Nene and Ouse, a total r iver length of 
500 km, together with associated gravel p its . Individual counts were 
completed within 7 hours on the same day, thus minimising the effects  
of movement.
17
Environmental Surveys of lead
An environmental survey was carried out in Peterborough along the River 
Nene, at sampling sites at various distances from, and including, the 
c ity  centre (the main r iver bridge into the town). The presence of 
swans determined the sampling points and from each swan that could be 
caught a blood sample was taken. Water, soil above the river water 
level and bank vegetation (grass) were also sampled. A selection of 
fishing weights was also collected along the river bank.
Water samples
Samples of river water were taken just below the water surface. In 
order to remove suspended matter, samples were f i l te re d  within 4 hours 
and a 20 ml subsample was then acid ified  with 2 ml of concentrated 
n i t r ic  acid and stored at +4®C.
Soil samples
Soil samples were taken over an area of approximately 100 cm2 to a 
depth of 5 cm. Samples were then a ir  dried at room temperature to 
constant weight. After f i r s t  removing large stones, samples were 
X-rayed to detect the presence of lead fishing weights, which were 
removed. The soil was then ground and that which passed through a 4 mm 
sieve was mixed and a 5 g subsample removed for chemical analysis.
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Vegetation samples
Grass samples which were made up mainly of Lolium perenne, Agrostis 
tenuis and poa pratensis were taken over an area of approximately 
2500 cm2, these were then a ir  dried at room temperature to constant 
weight, mixed thoroughly and a 5 g sample taken for chemical analysis.
Fish samples
Seven fish samples were obtained from anglers along the r iver bank, and 
consisted of 3 Bream ( Abramis brama) ,  2 Roach ( Rutilus ru tilu s ) and 2 
Rudd ( Scardi ni us erythrophthalamus) . The fish were k i l le d ,  and 
dissected. Five gram samples of muscle were removed and stored at 
-20°C until analysis.
Chemical analysis
Swan tissue samples taken during post-mortem investigation were oven- 
dried at 80°C to constant weight. All samples were then digested with 
5 ml concentrated n i t r ic  acid at room temperature for 12 hours, a fte r  
which the tube contents were boiled at 120°C until a ll dark brown fumes 
had ceased. After cooling, the digest was then made up to 25 ml with 
glass d is t i l le d  water. This final digest was analysed for lead by 
atomic absorption spectrophotometry, using an IL 151 AA/AE 
Spectrophotometer. Results were quantified by comparison with lead 
standards purchased from British Drug Houses, Poole, Dorset. Samples
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taken in the environmental survey and a number of fishing weights 
discovered in the same area were further analysed by Inductively  
Coupled plasma Mass Spectrometry to determine lead isotope ra tios .  
This method helped to characterise the lead by determining the ra tio  of 
the four d ifferent lead isotopes. Tissue exposed to a particu lar type 
of lead w ill re flect the same characteristic isotope ratio (Campbell & 
Delves 1989), and hence indicate the source of the lead.
G rit status
A comparison of the dry weight and size of gizzard g r i t  was made 
between 50 lead poisoned swans and a similar number of swans which had 
died of other causes, mainly cable collisions and vandalism. G rit  size 
was determined by shaking the g r it  through a tower of sieves of 
decreasing mesh sizes. The various fractions were then reweighed.
Carcass Recovery Experiment
Twenty three unmarked dead swans which were collected by me over a 
period of 16 days were X-rayed, and samples of l iv e r ,  kidney and bone 
were removed for chemical analysis. The bodies were marked and stored 
in a cold room after f i r s t  being cleaned and the post-mortem incision  
sutured. Forty-eight hours a fte r  the last bird was received, they were 
a ll returned to the ir  original locations and revisited every 48 hours.
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RESULTS
Cause of death
The majority of the swans (848) were corpses with no known history, but 
in 12 live  birds c lin ica l observations were available following X-ray 
and veterinary examination. The symptoms in these 12 birds were 
anorexia, weakness, in a b il i ty  to move correctly , impaction of the 
oesophagus and emaciation. In addition, a marked and sustained fa l l  in 
body temperature, observed up to 72 hours prior to death, was noted in 
the 12 live  birds. A similar drop in body temperature was demonstrated 
with pigeons and ducks dosed with lead fishing weights in the 
laboratory.
At post-mortem, sexes were determined and s ign ificantly  more (68% 585) 
of the birds examined were female (X% = 111.74, 1 d . f . ,  P < 0.001). The 
sexes and monthly receipts of swan bodies are shown in Figure 1.
For comparative purposes the swan mortality data were divided in four- 
monthly periods, November-February, March-June and July-October (Table
3 ). The March-June period includes the coarse fishing closed season 
and also most of the swans breeding season. The data show that 
disproportionaly more birds died from lead poisoning during the periods 
November-June than during July-October. No great decline in lead-
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induced deaths was apparent in March-June, but the lack of fishing then 
may have contributed to reduced lead m ortality  in the following period.
Lead shot was present in the alimentary trac t of 562 swans and in a l l  
such birds, death was due to lead poisoning. Fishing hooks, with or 
without attached l in e , were found in 19 birds and in only 3 could these 
have contributed to death; nine such birds died of lead poisoning and 
the remaining seven died of unknown causes. Forty-nine (5.7%) of the 
birds in this study died as a result of co llis ion  with overhead 
cables. Road t r a f f ic  accidents accounted for 18 (2.0%), disease 56 
(6.5%) (bacterial and viral infections) and vandalism 21 (2.5%) (death 
due to stabbing, shooting by shotgun, cross bow, harpoon, a ir  gun 
pellet and high velocity r i f l e  b u l le t ) .  A further 77 (8.9%) of deaths 
were of unknown causes and could not be placed in any of the above 
categories.
Chemical analyses of kidney, l iv e r  and bone showed that 74% (636) of 
the birds examined, had died of lead poisoning. These included the 562 
mentioned above and 74 others with no lead shot in the gut. The levels  
of lead, expressed on a dry tissue weight basis, in a majority of the 
livers of the 636 poisoned swans (range 13-186 mg/kg-1, mean 
190 mg/kg-1) exceeded the level (50 mg/kg-1) widely recognised as 
indicative of lead poisoning. S im ilarly, the kidney levels (range
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34-6330 mg/kg-1, mean 620 mg/kg-1) exceeded the l im it  (125 mg/kg-1) 
usually taken to confirm lead poisoning in swans and other animals 
(Clarke & Clarke 1975, Simpson et a l . 1979, Birkhead 1982). Sixty- 
eight birds with lower levels of lead in the ir  tissues were also 
included in the lead-poisoned group, because the post-mortem and 
veterinary evidence were typical of lead-poisoned birds. The levels of 
lead in these 68 swans were (expressed as mg kg-1 dry wt): 13-38 (mean 
32) in l i v e r ,  34-72 (mean 57) in kidney, and 40-92 (mean 66) in bone. 
Twelve of these 68 swans were the l ive  birds that received a veterinary  
examination prior to death, and whose symptoms of lead intoxication  
have already been mentioned. Residue analysis also showed that 
sign ificantly  more females than males had died of lead poisoning (Table 
1).
Of the swans that died with re la t iv e ly  low levels of lead in th e ir  
tissues, 8 succumbed in the winter of 1981-82 and 4 in the winter of 
1982-83, when temperatures of -17°C and -9.0°C respectively were 
recorded in the East Anglian region. These cold conditions could have 
exacerbated the hypothermia associated with lead poisoning in birds.
The pattern of lead deposition in the intoxicated and dead birds can 
provide evidence of the type of exposure that has taken place: a high 
bone and low soft tissue level indicates a slow chronic exposure, while
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a low bone and high soft tissue level indicates a rapid acute exposure 
(Clarke & Clarke 1967). In a ll but 47 birds, kidney lead levels were 
higher than bone leve ls , indicating that death was due, in a majority  
of cases, to acute exposure.
Aerial Survey
On the aerial surveys, which were carried out each November during 
1981-1984, the maximum number of swans counted at one time was 1232 
(Table 2 ) .  This was in 1981, the f i r s t  year of the survey. This 
figure also included the highest number (21%) of young (brown) birds. 
Thereafter numbers dropped. The lowest count (960) was in 1984, which 
also included the lowest number (135) of young birds.
Based on the total number of swans counted each year, the ratio of old 
to young birds changed from 1:0.21 in 1981 to 1:0.14 in 1984. Only 31 
young (brown) birds (3.6% of the to ta l)  were received for post-mortem 
examination throughout this period.
Why the ratio of old to young birds found on aerial survey was not 
reflected in the bodies reported is d i f f i c u l t  to explain. I t  is 
possible that the public were less l ik e ly  to notice, or to report, 
brown birds than white ones.
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Environmental lead levels
Soil and grass samples taken in the environmental survey (Table 4) show 
that lead levels were highest in samples taken in close proximity to 
the busy town centre, 460 mg kg-1 and 130 mg kg-1 respectively. One 
kilometer downstream from the c ity  centre lead levels in the soil and 
vegetation had fa llen to 92 mg kg-1 and 13 mg kg-1 respectively. 
Further downstream, lead levels slowly declined to 40 mg kg-1 for soil 
and 5.0 mg kg-1 for vegetation. The soil lead level near the c ity  
centre was lower than the average of 671 mg kg-1 in soils taken in 10 
other B ritish  towns (Royal Commission on Environmental Pollution 1983).
Lead in the blood of the 18 swans sampled in the environmental survey 
ranged between 11 and 53 yg/100 ml blood (Table 4 ) .  Eight had blood 
lead values above 40 pg/100 ml. These levels compare well with the 
background blood lead levels of swans on the upper Thames and i ts  
t r ib u ta r ie s . Above this figure in swans abnormal absorption of lead 
has probably occurred (see Birkhead 1983).
The seven samples of fish muscle analysed for lead were a ll below 
1 mg kg-1 DW, in good agreement with previously published data from 
elsewhere (Mason et a l . 1982). Levels of lead in the river water 
(0 .5  mg kg-1) were below that allowed by the local water authority.
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Anglian Water, which has adopted a maximum permissible lead 
concentration of 0.5 mg dm-3 (Harrison and Laxen 1981).
The isotopic ratios of lead found in the l ive  swan blood, bank soil and 
vegetation taken during the environmental survey were indistinguishable  
from one another, but were d iffe ren t from a ll  the lead weights analysed 
in this way Table 5.
The main differences were as follows: (1) the Pb204 percentage
abundance found in the lead weights differed from that found in the 
other samples, (2) the Pb206 percentage abundance found in the weights 
differed considerably from the blood and vegetation and also from the 
s o i l ,  although not to the same extent; (3) the Pb207 percentage 
abundance found in the weights differed from that found in the 
vegetation and soil and also from the blood, although not to the same 
extent; and (4) the Pb208 percentage abundance found in the weights 
differed from those found in the blood and vegetation, but the 
difference was more pronounced in the soil sample.
The main conclusion to be derived from these comparisons was that lead 
in s o i l ,  water, vegetation and blood from healthy swans was derived 
largely from the same sources, whereas lead in fishing weights differed  
in composition.
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G rit  Status
For this exercise, 100 birds were used, 50 control and 50 lead- 
poisoned.
Only 17% by weight of the g r it  from the control group and 16% of the 
g r it  from the lead-poisoned group was retained by the 1 mm sieve. 
These figures are in general agreement with the work of Owen and
Cadbury (1975) who found that 90% of the gizzard g r it  of mute swans was 
less than 2 mm in diameter. A collection of new fishing weights was 
also sized in th is  way. Fishing weights of size 12 were retained by a 
1 mm sieve. Sizes 3, 7 and 8 by a 2 mm sieve, BB by a 3 mm and AAA by
a 4 mm sieve. Thirty-eight percent of the lead weights and lead
fragments removed from the lead poisoned swans were retained by the 
coarsest sieve (4 mm) and 54% by the 2 mm sieve. Of a ll the fragments 
which passed through the 2 mm sieve, 6% were retained by the 1 mm sieve 
and showed considerable erosion. Only 2% passed through the finest  
sieve. Results from this experiment show that swans pre ferentia lly  
ingest fishing weights of a larger size than the normal gizzard g r i t .
The total weight of gizzard g r i t  was not s ignificantly  d iffe ren t
between the two groups, lead poisoned mean 81.1 g (range 56.1-103 g)  
and control group mean 76.4 (range 48.3-126 g) ( t  = 0.16, DF 98, 
P =  0.8672).
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Carcass Recovery Experiment
The carcasses of 23 birds were taken back and l e f t  where they were 
o r ig in a lly  found. Of these, 4 were notified by members of the public 
and a f i f t h  bird was collected from the local police having been taken 
to them by a member of the public. We were informed by the 
Peterborough Development Corporation that they had disposed of a 
further 3 marked carcasses. Within 12 days, 16 birds had disappeared 
including 2 of the reported birds. Four bodies remained unreported for  
20 days a fte r  which time they were removed and the study terminated. 
Out of the 23 birds put out f if tee n  were never reported.
DISCUSSION
The large number of swans reported dead and confirmed as lead poisoned 
in th is  study is consistent with previous findings from other areas 
(Simpson et a l . 1979; NCC 1981; Birkhead 1982; Sears 1988). The number 
of female swans dying of lead poisoning, which was not found in 
previous studies, is d i f f i c u l t  to explain. Breeding female swans need 
calcium for egg production, and this can be furnished e ither by 
mobilising stored calcium from the skeleton - in chickens up to 40% of 
the stored calcium can be used in this way (Sturkie 1954) -  or by an 
increased absorption from food in the alimentary trac t (Baritrop & Khoo
1976). Because the metabolism of lead follows closely that of calcium.
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a high demand for calcium from either source could yield a high 
a v a ila b il i ty  of lead to the soft tissues. Female ducks in breeding 
condition are known to accumulate more lead in th e ir  soft tissues than 
do males (Finley et a l . 1976; Finley & Dieter 1978).
The levels of lead found in swans' blood could have originated from 
many sources: industrial pollution, ingestion of shotgun p e lle ts ,  
fishing weights or food contaminated with airborne lead from motor 
vehicle exhausts. High blood lead levels in London pigeons ( Columba 
l i v i a ) were attributed to food contaminated by roadside dust (Hutton 
1980). The increase in swan blood lead values with proximity to London 
has been attributed to the increased a v a i la b i l i ty  of fishing weights 
(Birkhead 1982). The lead isotope ratio  analysis conducted on 
specimens taken during my survey show that background levels of lead 
found in the l ive  swan blood most probably originated from one source, 
motor vehicle emissions (Sears 1988).
During the carcass recovery experiment 8 (35%) bodies were reported, 
but only 5 (22%) of the birds would have been made available for  
post-mortem examination and chemical analysis; of these 3 (60%) had 
already been shown to have died of lead poisoning. The surprising fact 
was that 16 (69%) of the bodies disappeared without trace possibly 
having been taken by foxes or other scavengers. Of these, 7 (30%)
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disappeared in the f i r s t  48 hours. Four (17%) remained present but 
unreported until the end of the study. The recovery rate partly
reflected public awareness of the need to report dead or dying swans
and would have been unusually high during the study period. At that 
time newspapers, radio and te levis ion stations, both local and 
national, featured the plight of lead-poisoned swans. Increased public 
reports of dead or unhealthy swans invariably followed this media 
exposure, but s t i l l  15 (65%) of the carcasses were never reported.
Less than 2% (15) of the 860 swan bodies examined in this survey were
reported by the police, water b a i l i f f s  or lock keepers.
in terestingly, the proportion of carcasses reported in this study (35%) 
was very similar to the proportion (33%) found by Perrins (1981) from 
ring recoveries in southern England.
Although there was no way to check the accuracy of the aerial counts, 
they were carried out within one day at the same time of the year for  
four consecutive years, and therefore must have given some indication  
of the number of swans in a major proportion of the study area. They 
indicated that during the years 1981-1984 numbers declined. The 
average number of swans found dead each year, throughout the study area 
amounted to 200. Based on the results of the carcass recovery 
experiment, where 35% of the bodies were re -n o tif ied , the tota l number
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of swan deaths per year could be estimated at around 570, of which 
around 420 could have died of lead poisoning and around 150 of other 
causes.
These figures show that the population in the study undercounted the 
number of birds present, that the carcass recovery experiment 
underestimated the proportion of deaths reported, or that the 
population was p a r t ia l ly  maintained by net immigration of birds from 
outside the study area.
Either way, i t  is not surprising that deaths due to lead poisoning were 
associated with population decline in this area, as in some other parts 
of B rita in .
The results from the g r i t  study pose the question whether swans eat 
lead weights by accident or choice. The evidence suggests they do so 
by choice. Throughout the study area, samples of sediment and soil 
contained g r it  ranging in size from less than 1 mm to 5 mm and over. 
The larger g r it  and stones were rarely found in gizzard contents. 
There was no significant difference in to ta l g r i t  weight or size 
between the two groups of swans tested, indicating that swans are able 
to select the various g r i t  sizes they require and that the lead 
poisoned group were not g r i t  de fic ien t. However, in the lead-poisoned
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group, lead recovered from the gizzards was nearly always larger than 
the largest g r i t .  These findings tend to mitigate against the idea 
that a majority of weights are accidentally ingested along with g r i t .
Some weights may have been eaten along with discarded bait or 
accidentally ingested when swans tried  to free themselves from line  
entanglement (Sears 1988).
Birkhead (1982) and Sears (1988) in the Thames catchment showed a sharp 
decline in swan lead poisoning incidents during March-June (which 
includes the closed fishing season). In both studies there was also a 
rapid increase in the number of lead-poisoned swans reported at the 
start of the fishing season. The combined post-mortem results from the 
period of my study in East Anglia showed that disproportionately more 
swans died of lead poisoning during the period March-June, which 
includes the closed fishing season, and that re la t iv e ly  fewer died from 
other causes during July-October. Swans can take up to 3 weeks to die 
from lead intoxication a fte r  ingesting fishing weights, so this fact 
must be taken into account when interpreting the closed season data.
As a member of the Nature Conservancy Councils' working group on lead 
poisoning in swans, my results along with those of others, helped to 
provide suffic ient evidence to force leg is la tive  action. In 1987 new
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laws were introduced banning the sale or importation of lead weights 
for fishing in the range 0.06 g up to 28.36 g to help protect the 
indigenous swan population. A to ta l ban on the use of lead weights in 
this range was adopted by the ten English and Welsh Water Authorities 
in 1987. Since 1985 a lternative  fishing weights have been readily
available and th e ir  forced adoption in 1987 has lead to a marked
decline in the incidence of lead poisoning in many areas (Sears 1989,
Hunt pers. comm.) ,  thus confirming the mortality caused by the 
widespread use of lead weights. Similar declines in waterfowl lead
poisoning incidents were noted in the United States following the 
banning of lead gunshot. In Missouri, following the introduction of 
steel shot, lead poisoning incidents declined (Humburg and Babcock 
1982). And in I l l in o is ,  Welch (1979) estimates that almost 15,000 
mallard were saved because they ingested steel rather than lead shot.
Sears (1988) predicted th a t, i f  lead fishing weights were no longer 
used, incidents of lead poisoning should rapidly decline. However, 
drought may make available fishing weights that were previously 
inaccessible due to water depth, a situation previously recorded with 
gun shot (Anderson 1975).
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TABLE 1
Sex distribution of birds dying of 
lead poisoning and other causes.
Lead poisoned Other than lead poisoned
Males 182 93
Females 454 131
X2 = 12.84, d . f . l ,  P< 0.001
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TABLE 2
Data on the numbers of swans counted on the 
River Ouse, Nene and Welland and adjacent 
gravel pits e tc , during November 1981-1984.
Number of young (brown birds) included 
in the to ta l is shown in brackets
Ouse Nene Welland Total
1981 592 (126) 306 (81) 334 (54) 1232 (261)
1982 565 (104) 274 (61) 303 (45) 1142 (210)
1983 521 (32) 296 (92) 292 (34) 1109 (158)
1984 481 (77) 230 (40) 244 (18) 960 (135)
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TABLE 3
Seasonal d istribution of deaths from d iffe ren t  
causes during October 1981-September 1985*
November-February March-June July-October 
Lead-poisoned 206 245 156
Other than lead-poisoned 51 57 56
X2 = 12.52, 2 d . f , ,  P<0.05
*  Stopped at this date in order to give four complete years of data and an 
unbiased seasonal pattern.
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Chapter 3
Seasonal Variation in Tissue Lead and Zinc Values 
in the feral Pigeon {Columba livia) 
following a period of Lead Dosing
INTRODUCTION
Although much of the l i te ra tu re  on lead poisoning in swans and other 
waterfowl is based on tissue analysis (see Chapter 2 for review), a 
few intensive blood lead monitoring programs on swans have been carried 
out (Birkhead 1983, Sears 1988, O'Halloran 1989). I t  is generally 
accepted that lead levels of 50 mg/kg and 125 mg/kg on a dry weight 
basis respectively in the l iv e r  and kidney of swans are indicative of 
lead poisoning (Birkhead 1982, Simpson et a l .  1979). These levels are 
applied to birds of most age groups, both sexes and irrespective of 
season or body condition. Seasonal variations in both toxic and 
essential metal content of avian livers  are known to occur (Osborn 
1979, Hagen et a l . 1976 & Haarakangas et a l . 1974). Seasonal changes 
in the body condition of various birds, as reflected in l ip id  and 
protein reserves, are also well documented (Ward 1977, Ward and Jones
1977). Hence, seasonal changes in the metal content of avian l iv e r  
could be due e ither to seasonal a v a i la b i l i ty  or absorption of a 
particular metal or to a sh ift  of that particular metal from one body 
compartment to another associated with body condition. The existence 
of such seasonal cycles poses the question whether birds should be
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assigned to poisoned or non-poisoned categories on residue levels  
alone, or on a combination of measurements which include seasonal 
variations. The objectives of this study were:
(1) to investigate trends in l iv e r  lead levels a fter  a period of 
dosing had ceased;
(2) to help determine the role which zinc plays in lead in toxication, 
especially during the moult; and
(3) to determine tissue l ip id  and protein levels as an indicator of 
physiological condition.
MATERIALS AND METHODS
Some studies have shown sex differences in l iv e r  metal levels (Evans 
and Moon 1981, Hoffman and Curnow 1979, Parslow et a l .  1982), while 
other studies have not (Hulse et a l . 1980, Flemming 1981). With this  
possibility  in mind this program of work was confined to male pigeons 
( Columba l i v i a ) .  Forty birds, a ll bearing identity  rings, were each 
given da ily  doses of 2.5 mg of lead n itra te  incorporated in a gelatin  
capsule for 5 consecutive days, to make a total dose of 12.5 mg lead 
n itra te . The birds were housed in groups of 20 in two adjacent f l ig h t  
pens 4 X  2 X 2 m high. They were allowed free access to food which
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consisted of wheat, maple peas, beans and maize, and to oyster-shell 
g r it  and water. Two 14 l i t r e  plastic bowls f i l le d  with water were 
provided for bathing and th is  water was changed d a ily .
A control group of 16 male birds was housed in a separate pen and 
sim ilarly treated but given no lead n it ra te .  During the study two 
control birds were k il le d  by vermin. All the test birds survived until 
sampled. Twenty four hours a fte r  the f inal dose of lead n itra te ,  three 
dosed birds and one control bird were selected at random and k illed  by 
cervical dislocation. Each bird was dissected immediately, and samples 
of l iv e r  and blood were taken for chemical analysis. Blood samples 
were also taken from the remaining live  birds. This process was 
repeated at the end of each calendar month each time selecting three 
dosed birds and one control bird at random. During the f i r s t  month, 
blood samples were also taken 7 and 14 days a fter  dosing had ceased.
The l iv e r  samples removed at post-mortem from both the dosed and 
control birds were analysed for lead and zinc, water and fa t  content. 
Blood samples were analysed for lead only.
Determination of fa t  content of l iv e r
A sample of fresh l iv e r  was weighed into a beaker and then ground with 
fine sand and anhydrous sodium sulphate. The mass was then extracted
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with 5 ml quantities of a mixture of acetone and hexane. The solvent 
mixture was decanted o ff  into a measuring cylinder and the process 
repeated until a volume of 50 ml had been obtained. The cylinder 
contents were then shaken and allowed to stand for 24 hours to allow 
any fine sand or sodium sulphate debris to se tt le  out. Fat levels were 
determined by decanting 25 ml of the clear extract into a weighed vial 
and allowing the solvent to evaporate o f f  before reweighing the v ia l .  
The increase in weight X2 was taken as the fa t  content.
RESULTS
Diet Lead Levels
Bathing and drinking water was taken from the domestic supply and lead 
levels were below 1 ppm.
Water in the 14 l i t r e  bathing bowls was also regularly analysed to 
establish whether faecal contamination was causing any elevation of 
lead leve ls . Together with the wheat, maple peas, beans and maize used 
for food, residues of lead were always below 1 ppm.
Blood lead levels
I n i t i a l l y ,  the median lead values in blood (Figure 1) were very high, 
at 228 yg/100 ml. Median levels then halved in approximately seven
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days to a value of 106 yig/lOO ml and then halved again in a further 24 
days (31 days a fte r  dosing) to 56 yg/100 ml. All the values remained 
above the 40 yg/100 ml blood established as a maximum acceptable level 
(M.A.L.) for lead in the blood of swans (Birkhead 1983). The highest 
blood lead value in the control birds was 14 yg/100 ml, and the 
remainder were between 5 and 9 yg/100 ml, with an overall mean of
7 yg/100 ml blood.
Liver fa t  levels
Mean fa t  levels in l iv e r  steadily declined for seven consecutive months 
(January to August) with a s light but insignificant peak occurring in 
June. Levels in August (38 mg/g) had fa llen  to approximately one third  
of the ir  January value (96 mg/g) (F ig . 2 ) .  During the following four 
months (September to December) fa t levels increased, gradually 
returning to within 10% of the original January value.
Liver lead levels
The overall l iv e r  lead levels gradually declined during the study 
(F ig . 3) from 22 mg kg-1 to 7.1 mg kg-1 (expressed on a dry weight 
basis). However, a significant peak of 22 mg kg-1 occurred in August, 
coinciding with the lowest mean fa t level (F ig . 2 ) .  Liver lead levels 
remained below the value 50 mg kg-l/DW usually taken as indicative of 
lead poisoning in birds and mammals (Clarke and Clarke 1975, Simpson et 
a l .  1979). Whole organ load of lead also showed the same pattern
(Fig . 4 ) .
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Liver protein levels
Crude tota l protein levels in l iv e r  were calculated by subtracting the 
l ip id  levels from the dry weight and then adjusting for total organ 
size. Contrary to expectation, protein levels remained remarkably 
constant during the experiment (F ig . 2) and did not show the marked 
seasonal trend previously found in starlings ( Sturnus vulgaris) (Osborn 
1979, Ward 1977).
Liver zinc levels
The dry weight results (F ig . 5) showed a peak in zinc concentration in 
June (222 mg kg-1) just prior to the moult, with lower levels occurring 
during the moult in July, August and September (148, 146 and
126 mg kg-1 respectively). These results are similar to those e a r l ie r  
demonstrated by Osborn (1979) and Haarakangas et a l . (1974). The low 
zinc levels during July-September also correspond to the peak in lead 
residues during those months.
DISCUSSION
Whether expressed as whole organ load or concentration, the peak in 
l iv e r  lead levels , which occurred in August, was significant compared 
with values found in June. The possibility exists that the method of
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expressing protein is incorrect and a more accurate method (Lowry et 
a i . 1951) should have been used. However, i t  is d i f f ic u l t  to see what 
could have influenced the protein levels determined by my method of 
calculation. In his study, Osborn (1979) suggests that the observed 
increase in cadmium could be indicative of an increase in the amount of 
a particular protein (namely metallothionein) rather than an overall 
increase in protein levels . In rats an increase in l iv e r  mass 
accompanied by an increase in total hepatic protein occurred 48 hours 
afte r  receiving a single dose of lead n itra te  ( Ledda et a l . 1982). In 
birds this protein may increase just before the moult in order to 
retain zinc which is known to be in especially high demand during 
feather formation (see Underwood 1977).
The findings in this experiment go some way to support this theory in 
that zinc is accumulated by the l iv e r  and maybe other tissues for 
possible use during the moulting process, without a significant change 
in protein concentration. The possib ility  further exists that the high 
demand for zinc during the moult (Underwood 1977) may cause an overall 
zinc deficiency, and the elevated lead values in August may then be due 
to a change in the nutritional status of the animal associated with the 
moult. In rats the levels of dietary intake of, amongst other things, 
zinc are known to affect the to x ic ity  or absorption of lead and cadmium 
(Petering 1978), so zinc could be exerting a degree of protection 
against lead intoxication (Chapter 10, Cerklewski and Forbes 1976).
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As the zinc stored in the l iv e r  increased during June, in my birds the 
total lead load decreased, increasing again during July, August and 
September as the zinc was u tilised  in feather production.
porphyrin biochemstry is affected by lead intoxication resulting in 
excess excretion of coproporphyrin, protoporphyrin (Waldron and Stofen 
1974) and uroporphyrin (Bashour 1954). In humans, increased excretion 
of uroporphyrin has been shown to cause excessive loss of zinc by the 
chelating action of the former (P fe if fe r  1987). This situation may 
also affect the zinc balance in a lead-intoxicated bird and further 
contribute to metal in s ta b i l i ty .
The gradual decline in blood lead values shown throughout the study, 
not withstanding the peaking of l iv e r  lead concentrations during 
August, support the previously published work on swans (Birkhead 1983, 
Sears 1988). In the ir  studies, the fluctuating a v a i la b i l i ty  of lead, 
in the form of fishing weights, caused seasonal changes in blood lead 
values. My present study further shows that a change in the 
physiological state of the animal, associated with moult together with 
elevated l iv e r  lead and zinc concentrations, had no detectable effect  
on blood lead concentrations. This point is also investigated in 
Chapter 4. This experiment has also shown that rapidly fa l l in g  blood 
lead values are an obvious reflection of recent exposure, ie within the
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last 30 days. Starvation, stress, moult, reproduction and general i l l  
health have also been shown to affect body condition and physiological 
state in one way or another (Sears 1988, O'Halloran 1989).
This study c learly  supports the idea of Osborn (1979), that the 
biochemical composition of tissues and the physiological state of the 
animal at the time of collection or death, must be taken into account 
when assessing the degree of contamination or the effect that any 
particular residue may be having. Although more time-consuming, 
analysis of whole bodies, together with fa t and protein analysis, is 
probably better for producing evidence of residue effect than single 
tissue analysis. In this study the birds were well fed and at 
post-mortem showed considerable fa t  reserves. This situation may have 
had a buffering effect on changes in body composition. Birds in " f ie ld  
condition" may show a more marked fluctuation in compartmental s h if t  of 
metals, especially during stress.
This study also shows that a degree of caution must be exercised when 
comparing lead levels in birds sampled at d iffe ren t times of the year.
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Chapter 4
Blood Lead Values - Effect of Calcium Metabolism 
during Egg Shell Formation in Pigeons {Columba livia)
INTRODUCTION
The transfer of lead from gut to body tissues is carried out by the 
blood, where i t  is bound to the red blood ce lls  or the plasma proteins, 
but a small amount is thought to be in the free ionised form. In v itro  
studies have shown th a t ,  at low dose, 95% of the lead is bound to the 
red blood cells  (RBCs) (Clarkson & Kench 1958), and the method of 
attachment has been established (Clarkson & Kench 1958, Birkhead 1982).
Much of the body lead is transferred by the RBCs to the skeletal bone 
where up to 90% of the total body burden can be found (Harrison & Laxen 
1981). Lead is able to replace calcium in the bone, although only 
about 0.65% of the bone calcium is exchangeable (Rowland 1966). The 
reasons why lead and calcium can interchange have yet to be 
elucidated but, in man, parathyroid hormone injections can enhance the 
removal of lead from the bone stores (Hunter & Aub 1926-27). Certain 
physiological disturbances are also known to precipitate the release of 
stored lead from bone (Cantarow & Trumper 1944, King & Thompson 1961).
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During an i l ln e s s , bone lead is said to have produced c lin c ia l signs of 
lead poisoning, when the bone lead was released rapidly along with 
calcium (Brown & Tompsett 1945, Waldron & St'dfen 1974). When female 
mallard ( Anas platyrhynchos) were exposed to lead, they had higher bone 
lead concentrations than males on the same dose regime (Finlay & Dieter 
1978). The same was true of pigeons (Hutton 1980). Jordan & Bellrose 
(1951) reported that female ducks were also more susceptible to lead 
poisoning than males.
These observations pose the question whether egg formation in a female 
bird , with a high body burden of lead can subsequently lead to lead 
in toxication, as the lead is released from bone along with calcium 
reserves. This possib ility  has been mooted previously by other 
workers, but to my knowledge has not been investigated.
MATERIALS AND METHODS
Eight pigeons ( Columba l i v i a ) ,  four males and four females, were housed 
individually  in experimental cages (46 x 53 x 38 cm high), with food, 
g r it  and water free ly  available. The food consisted of wheat, maize 
and maple peas in equal proportions by volume. The birds were allowed 
to acclimatise for seven days and during this time blood samples were 
taken to establish pre-experimental blood lead values.
56
Six birds, 3 males and 3 females, were then dosed daily  for 10 days 
each time with 5 mg of lead n itra te  incorporated in a gelatin capsule, 
giving a total dose of 50 mg.
Twenty-four hours after receiving the 10th dose the birds were paired 
by removing the central partit io n  in the experimental cages. Dosing 
continued for a further 10 days, bringing the tota l dose of lead 
nitra te  to 100 mg. A nest bowl was placed in each cage together with 
cut straw for nesting m ateria l. The remaining pair of birds acted as 
controls and as such received the same treatment but no lead n i t ra te .  
Blood samples were removed from a wing vein as far as possible every 24 
hours a fter  the final dose of lead n i tra te .  This was used to determine 
lead and calcium content.
The study was ended a fter 90 days; the surviving adult birds were 
k illed  by intravenous pentobarbitone in jection . They were immediately 
examined and samples of l i v e r ,  kidney and bone were removed for  
chemical analysis.
RESULTS
Between 5 and 7 days a fte r  dosing, a ll the birds began producing 
b r i l l ia n t  green faeces and showed signs of stress and inappetance, and
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were increasingly easy to handle. One female (number six) died on day 
seven. Then the condition of the other birds began to improve, food 
consumption increased and the faeces began to lose the green colour and 
return to normal consistency. On day 14 bird number f iv e ,  a male, the 
partner to bird number 6, also died. The in i t ia l  blood lead levels 
(taken a fte r  the final dose of lead n itra te )  were 2880, 2860, 2360, 
1520, 3080 and 1360 Jig/100 ml for birds 1 to 6 respectively
(Figs. 1 -6 ).
Thereafter blood lead values declined rapidly, and by day 10 values 
were between 240 and 940 j ig /100 ml for the five  remaining birds. These 
figures are between 6 and 25 times higher than the maximum acceptable 
level (MAL) for lead of 40 yg/100 ml blood established for swans by 
Birkhead (1982).
Bird number 6, the female which died, had an in i t ia l  blood lead value 
of 1360 yg/100 ml and by day 7, when i t  died, the level had fa llen  to 
600 yg/100 ml. Bird number 5, the male which died, had an in i t ia l  
blood lead level of 3080 yg/100 ml and by day 14, when i t  died, this  
level had declined to 424 yg/100 ml. The blood lead level of
600 yg/100 ml attained by bird number 6 was exceeded by four of the 
other f ive  birds on day 7, and the blood lead level of bird number 5, 
424 yg/100 ml, was exceeded by 3 of the remaining four birds on day 14.
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A clutch of eggs were produced by birds 1 and 2 on day 10 and 12, a 
second clutch on days 30 and 33 and a th ird  on days 58 and 60. Birds 3 
and 4 also laid three separate clutches on 11 and 13, 22 and 24 and 64 
and 66 days respectively. The control pair fa iled  to lay during the 
study. All clutches were removed 3 days a fte r  production of the second
egg
Blood lead values remained fa i r ly  constant a fte r  the in i t ia l  and rapid 
f a l l .  On days 7 and 8, 28 and 29, 56 and 57, when serum calcium levels  
(F ig. 1) in bird number 1 reached a peak of between 19.8 and 21.0 mg 
per 100 ml, blood lead values were 1000 and 980, 750 and 762, 510 and 
484 respectively. On days 6 and 8 and again on days 17 and 19, 60 and 
62 when serum calcium levels (F ig . 4) in bird number four also peaked 
at between 18.4 and 22.0 mg per 100 ml, blood lead values were 250 and 
262, 300 and 310, 240 and 236 respectively.
Liver and kidney levels of the four birds k illed  at the end of the 
study were below those normally accepted as indicative of lead 
poisoning in birds. Bone levels in both females exceeded those in 
males by a factor of approximately 1.5, and were indicative of chronic 
lead poisoning (Table l ) .
Birds number 5 and 6 which died during the experiment, had lead levels  
68.1 and 79.7 in l iv e r  and of 190 and 210 mg kg-1 in kidney which
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exceeded the accepted lethal levels for lead poisoning in birds. Bone 
lead levels were 86.4 and 190 mg kg-1 respectively for birds number 5 
and 6, again indicating acute lead poisoning.
Shells from the 12 eggs produced during the study had tota l lead levels  
of mean 2.81 g (range 1.31-2.88 g ) . Similar levels of lead have been 
found in the shells of American Kestrels dosed with m etallic lead in 
the ir  d iet (Paltee 1984).
DISCUSSION
Throughout the study, blood lead levels remained above Birkhead's MAL 
for the whole 90 days. A lower dosing regime may have produced a 
plateau at a lower leve l. I t  has been suggested that lead w ill only
disappear from the blood when the red cell dies, liberating the lead
(Hursch & Soumela 1968). The l i f e  of an avian red cell is
approximately 20 days and the observations, that blood lead levels in
this experiment in i t i a l l y  halved between 3 and 5 days, indicates that 
natural red cell death alone cannot be responsible for this f a l l .  The 
rapid fa l l  must have been due to the absorption of lead by the soft 
tissues and bone, before an equilibrium state was reached. There is  
also a transfer of lead from the plasma to the extra-vascular space.
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Also a dynamic equilibrium exists between red cell and plasma lead, and 
extravascular and in tra  c e llu la r  lead (Stover 1959). The capacity of 
blood to carry lead in an equilibrium state must be dependent on red 
cell volume and lead dosing has been shown to reduce the red cell count 
to less than half i ts  normal value (Coburn 1951).
Bone lead analysis on the two birds which died showed that deposition
of lead in bone was rapid. Bone levels in the two females which
survived to the end of the study had doubled when compared with the 
female which died, indicating a continued lead deposition, Finlay ^  
a l . (1978) noted that lead concentrations in wing bones of treated
mallard were greater in females than in males and furthermore 
concentrations of lead in the wing bones of laying birds were more than 
4 times those in non-layers. The bone lead values in the two remaining 
male pigeons had also increased but the values were lower than those in 
the females. No detectable reproductive effects were associated with 
lead dosing in this study. The differences between the bone lead
levels in males and females demonstrates that a d i f fe ren tia l deposition 
of lead was occurring.
The elevated blood lead levels seen in female swans at certain times of 
year (Birkhead 1983) has previously been explained as a possible 
result of changing calcium metabolism. Increased demand for calcium
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during eggshell formation can be satisfied from skeletal bone (Taylor & 
Moore 1954) or an increased uptake from the alimentary canal (Baltrop & 
Khoo 1976). Lead is pre ferentia lly  stored in the bone and is said to 
follow similar metabolic pathways to calcium (Clarke & Clarke 1975). 
I t  is thought that (1) u t i l is a t io n  of bone calcium would also release 
lead or (2) increased intestinal absorbtion of calcium would increase 
absorption of lead. Quail began laying thin-shelled eggs 24 hours 
after receiving a reduced calcium d ie t (Osborn & Qgronoski, 
unpublished), implying that a majority of the calcium used in egg shell 
formation, in th is  species, is derived d ire c t ly  from the d ie t .  Also 
laying domestic fowl, maintained on a low calcium d ie t ,  have been shown 
to deplete th e ir  cortical bone calcium rather than the medullary bone 
reserves (Taylor & Moore 1954).
I t  is argued that mobilisation of calcium from bone, either during 
disease (Brown & Tompsett 1945, Waldron & Stofen 1974) or during normal 
demand for eggshell formation, would mobilise any absorbed lead 
(Birkhead 1983), but to date there is l i t t l e  evidence for e ither of 
these views. The levels of lead found in the eggshells were less than 
1/lOOth of those found in the bone of the respective females. These 
results indicate that either (a) calcium and lead metabolism function 
independently of one another, (b) bone lead is unavailable during 
periods of high calcium demand especially eggshell formation, or (c)
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eggshell calcium is derived d irec t ly  from the d iet and not from 
reserves in bone. Blood lead values remained constant during eggshell 
formation. Experiments carried out by Aub et a l . (1926) showed that 
bone in v itro  takes up lead in proportion to the calcium lo s t ,  but 
calcium would not release lead when the experiment was reversed. This 
fact must be taken into account when interpreting eggshell data. The 
two birds which died also show tha t, ju st prior to death, a time of 
maximum physiological upset, blood lead values remained constant. The 
often quoted work in support of this theory by Brown & Tompsett (1945) 
reports the effect of leukaemic hyperplasia on blood lead values from 
one human patient who had been, prior to the disease, exposed to 
elevated levels of lead. As the disease advanced, the patient began to 
suffer from lead poisoning, indicated by high blood lead values, and i t  
was thought that the lead was derived from bone. At post-mortem, 
tissue levels of lead in the l iv e r ,  kidney and brain of this patient 
were, in some cases, less than one tenth the values expected in the 
normal population (Waldron & Stofen 1974) and did not indicate lead 
poisoning. However, femur levels were high. An alternative view, 
based on my findings coupled with the patient's extreme weight loss, is 
that the soft tissues in some way were depleted of lead, thus greatly  
elevating the blood levels .
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Food contaminated with lead from roadside dust was thought to be 
responsible for the elevated lead levels in pigeons (Hutton 1980). And 
deposition of lead from motor vehicle exhausts also caused elevated 
levels of tissue lead in swallows (Grue et a l . 1984) and starlings  
(Grue et a l . 1986). Normally only 5% of ingested lead is retained
(Evans & Moon 1981), but a high dietary demand for calcium may also 
increase the absorption and retention of lead.
I t  is possible that food contaminated with lead would place birds at 
risk during egg production. This experiment has shown that neither 
high bone nor high tissue levels of lead influenced blood lead values 
at a time of maximum calcium stress or death. I t  is from the blood 
that eggshell calcium is derived. This study further supports the 
results of the blood lead monitoring programmes carried out by Birkhead 
(1983) and Sears (1988). In the ir  studies the fluctuating a v a i la b il i ty  
of lead, in the form of lead fishing weights, caused seasonal changes 
in swan blood lead values. My study has shown that high body burdens 
of lead and also changes in calcium physiology, had no detectable 
effect on blood lead values.
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TABLE 1
Lead levels (mg kg-1 dry weight) in l iv e r ,  kidney and bone, 
of pigeons at post-mortem.
Bird Number (sex in brackets) 1 ( f )  2 (m) 3 (m) 4 ( f )  5 (m) 6 ( f )
Tissue Liver 20.6 14.2 21.4 17.2 68.1 79.7
Kidney 78.1 68.2 90.0 63.1 190 210
Bone 320 194 210 348 86,4 290
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Chapter 5
Biliary and Intestinal Excretion of Lead 
In Lead Poisoned Mute Swans {Cygnus oloi)
INTRODUCTION
The principal routes of elimination of lead from the body are via the 
faeces and urine. Urinary excretion accounts for a small portion of 
absorbed lead (Blaxter 1950). Lead can also be excreted in the milk of 
lactating animals (Kehoe et a l . 1940). Most of the lead present in the 
faeces represents ingested lead which has passed unabsorbed through the 
in testinal t r a c t .  However, some of this could originate from other 
sources, namely the b ile  and pancreatic ju ices , succus entericus or the 
in testinal w a ll. Observations so far favour b i l ia ry  excretion. In an 
experiment with a single sheep, 7.5% of a lead acetate in jection was 
eliminated in 6 days, 81% of which was excreted in the b i le ,  while 
faecal and urine excretion made up the other 19% (Blaxter & Cowie 
1946). Bile in this experiment was surgically drained for analysis to 
prevent mixing with the gut contents.
Swans and other waterfowl suffering from lead poisoning invariably have 
grossly distended gall bladders and green stained vent areas (Simpson 
et a l . 1979; Jordan & Bellrose 1951; Chapter 2 ) .  This project was
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in it ia te d  to determine whether increased b i l ia ry  a c t iv ity  played an 
important role in the excretion of lead in lead-poisoned swans ( Cygnus 
o lo r ) .
MATERIALS AND METHODS
Seven swans were chosen whose immediate cause of death was not lead 
poisoning but whose gizzards contained anglers' lead weights and whose 
gut function seemed normal (no impaction of the oesophagous, 
proventriculus or gizzard and food present in the alimentary canal and 
also the presence of normal-looking faeces in the cloaca). A 
post-mortem was carried out, and l iv e r ,  kidney, b i le ,  bone, faeces and 
gut contents were removed for chemical analysis. The gastrointestinal 
tract was removed intact from the junction of the gizzard and duodenum 
to 5 cm past the junction of the rectum with the caeca. Fifteen 
centimetre sections of gut starting at the duodenum and ending at the 
ileum were removed at approximately 50 cm intervals along the gut 
length to give five  specimens. The contents from these sections, 
together with faecal samples and the pooled contents of both caecae 
were removed for individual chemical analysis. Complete faecal samples 
were present in one bird and, together with the remaining gut contents, 
were removed for chemical analysis and calculation of tota l gut load of 
lead.
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Five birds shown to carry only background levels of lead which died in 
road t r a f f ic  accidents and two which died a fter  collid ing with overhead 
power cables were used as controls.
The gall bladder was removed intact from a ll  the birds and b ile  volume 
and pH were determined.
RESULTS
Gall bladder volumes in control birds were s ign ificantly  lower (mean
21.2 ml, range 18.6-25.8 ml) than in lead poisoned birds (mean 29.7 ml, 
range 27.0-38.2 ml) ( t  = 6.38 DF12 P<0.0001). Bile pH was not 
s ign ificantly  d ifferent between control birds (mean pH 5 .8 , range 
5.6-6 .5) and lead-poisoned birds (mean pH 6 .0 , range 5 .8 -6 .4 ) ( t  = 0.80 
DF12 P 0.4392). Results of analysis of l i v e r ,  kidney, b ile  and bone 
for lead are shown in Table.1.
The re la t iv e ly  low bone levels of lead, when compared with the higher 
levels in the l iv e r  and kidney, indicate that a ll the lead poisoned 
swans were suffering from acute lead poisoning (A llc ro ft  1951).
All seven lead poisoned birds had detectable levels of lead in the
72
b ile :  mean 13.6 mg kg-1, range 8.4-22.4 mg kg-1. Mean levels of lead 
in the duodenal contents were 398 mg kg-1 (range 239-620 mg kg-1). 
Levels were lower in the three consecutive samples taken from the 
midgut area, with mean values of 370 mg kg-1 (range 234-618 mg kg-1), 
122 mg kg-1 (range 55-235 mg kg-1) and 146 mg kg-1 (range 
51-297 mg kg-1) respectively. Levels then increased in the ileum (mean 
210 mg kg-1, range 120-400 mg kg-1) and caecal contents (mean 
540 mg kg-1, range 205-1010 mg kg-1) to exceed the values in the midgut 
contents. In every bird faecal lead levels were lower than th e ir  
respective duodenal contents by between 2 and 18% (mean 359 mg kg-1, 
range 208-522 mg kg-1) but were higher than values seen in the midgut 
samples (F ig . 1 ) .  Analysis of the single complete gut and faecal 
samples revealed a total lead burden of 1436 g. Levels of lead in the 
b ile  and gut samples of a ll the control birds was <5 mg kg-1.
DISCUSSION
Previous research has reported that much of the lead in the faeces of 
humans (Karhauser 1973), rats (Quarterman & Morrison 1975), sheep and 
rabbits (Blaxter 1950) had passed through the gut unabsorbed. Evans & 
Moon (1981) calculated that Curlew ( Numenius arquata) retained only 5% 
of the lead from th e ir  d iet of ragworms ( Nereis diversicolor) . This 
present study on swans with a high degree of lead contamination shows
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th a t , whilst not disputing any of these figures, much of the faecal 
lead (64%) originates from lead absorbed and then secreted back into 
the gut lumen.
I t  has been suggested that lead can pass through the gut wall attached 
to proteins which are then proteolysed to liberate lead (Massione 1941, 
Witchii 1964). The gut wall has also been shown to contain small 
quantities of lead (C ikrt 1972), and b i l ia ry  excretion is the main 
route of lead elimination from the body (Castellino et a l . 1966, Cikrt 
1972). Longcore et a l . (1974) found significant quantities of lead in 
the gall bladders of 36 dead or sacrificed ducks. However, Castellino
et (1966) could not be certain that lead appeared in the
gastro-intestinal tract solely from the b i le .  Studies carried out by 
Cikrt (1972) indicate that lead excreted by the gastro-intestinal  
t ra c t ,  mainly from the upper segments, has l i t t l e  e ffect on overall 
faecal levels of lead. Lead contained in the b ile  would elevate the 
lead level in the gut contents in the duodenal area of the alimentary 
t ra c t .  This study has shown that following movement of these contents 
through the gut, levels of lead decline and then become elevated again 
in the lower gut. B ilia ry  excretion of lead would seem in th is  case 
not to be a major contributor to faecal lead leve ls . I t  has been 
proposed that lead and calcium follow a similar metabolic pathway 
(Clarke & Clarke 1975). In ra ts , following duodenal absorption of
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calcium, there is a secretion of calcium back into the lumen of the 
ileum (Sernka & Borle 1969). Secretions of lead may follow th is same 
pathway.
Caecal function in birds has been extensively studied (Moss & Parkinson 
1972, Moss & Parkinson 1975, Gassaway 1976, Hanssen 1979). Dietary 
f ib re  digestion is thought to be a major caecal function, but 
absorption of water both from gut contents and urine is also thought to 
take place (Duke 1977, Sturkie 1976). This could account for the high 
levels of lead seen in the caecal contents, as i t  would be concentrated 
by fibre digestion. Avian urine is known to be fo rc ib ly  mixed with gut 
contents in the cloaca, ileum and caeca (Akester et a l . 1967, Skadhauge 
1968). Therefore, the proportion of avian faecal lead which is urinary 
in origin is not known and cannot be calculated from the results of 
this experiment.
Conrad & Barton (1978) laparotomised 12 rats , ha lf had th e ir  b ile  ducts 
l igated , the other group did not. Intestinal segments were isolated  
with umbilical tape and the incision closed. Four hours a fte r  an 
injection of radio-labelled lead in saline, a ll the animals were k il le d  
and the individual gut segments were removed in ta c t .  Chemical analysis 
revealed (1) between 10.7 and 13.2% of body lead was in the gut 
segments, (2) there was more lead in the duodenum of the rats with
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in tact b ile  ducts than in those with ligated ducts, and (3) there was 
more lead in the ileum than in the jejunum in both groups.
These results are consistent with mine in that b i l ia ry  excretion does 
occur in swans, but the lower gut contributes significant amounts of 
lead back into the gut lumen for subsequent egestion. In other words, 
a high proportion (64%) of faecal lead derived from lead metal has not 
passed through the alimentary trac t unabsorbed. These findings may 
also be of value in the treatment of lead poisoned swans in that the 
presence of faecal lead is a re liab le  indicator of the bodys a b i l i ty  to 
eliminate lead back into the lumen of the gut for subsequent excretion.
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TABLE 1
Results of l i v e r ,  kidney, bone and b ile  analysis for lead 
in mute swans expressed on a Dry Weight basis mg/kg-1
Liver Kidney Bone Bile
1 42.6 72.9 130 14.6
2 39.8 163.4 94.0 8.4
Lead 3 24.4 30.0 136 22.4
Contaminated 4 20.6 147.9 111 9.1
Birds 5 32.6 82.4 96.7 3.6
6 40.9 250 85.4 2.1
7 51.3 139 126 4.8
8 10.6 28.6 40.1 N/D
9 8.2 19.4 31.4 N/D
Control 10 9.4 16.2 20.0 N/D
11 3.7 21.0 29.4 N/D
12 14.6 13.7 18.4 N/D
13 22.0 29.6 31.0 N/D
14 9.1 26.0 20.0 N/D
Lead levels In mg/kg -1.
3(Q
C
Q
o
i-h
ërtm
r
13
CO
M l
o
s
IH*
COH*
CO
OHi
0
§
rf
Srtœ
rt
S
H iH
1
<caH
S'
c
CO
13
ft
CO
o
H i
?(0
oo
c
H
C/i
CD
CD
3"
CD
(Q
C
o
3
$=r
ozx
CD (Q 
CD
I s3
CD
3
CA
$
CD
CAD)
3"O
â
N  O i
■n O 0) 0) 
CD 0 )
s s
y 3
o i ^  CO M
l l l i l
3  (Q  (Û  CD o  
C C c  3r  r  r  c
Chapter 6
Influence of Thiamin Administration on Mallard Ducks 
{Anas platyrhynchos) following ingestion of Lead Shot
INTRODUCTION
Chelation therapy is widely used in the management of metallic  
poisoning and is the treatment of choice for lead intoxication. Three 
drugs are in common use, namely EDTA administered as its  Ca -  chelate, 
British Anti Lewisite (BAL) and D -  penicillamine (Waldron & Stofen 
1974).
Bratton (1981) discusses the therapeutic potential of thiamin (vitamin 
Bi) in the treatment of lead poisoning. I t  is ,  he says, "a naturally  
occuring compound, which readily  enters the c e l l ,  is not toxic and 
effec tive ly  interacts with Pb to reduce the le t te r 's  toxic po ten tia l" .
The treatment of lead poisoned birds a fter  they have ingested lead 
gunshot or fishing weights by bird hospitals and veterinary surgeons is 
now common practice and a drug with no serious or detectable side 
effects has considerable a ttrac tio n .
The prolonged use of any chelation drugs may also deplete or render 
inactive essential metals (Hammond, 1971). Ca-EDTA administered o ra lly
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will also increase the in testinal absorption of lead (Reiders 1960, 
Kehoe 1955, Chisholm 1968). Lead absorption from the bowel may be 
promoted a fter  intravenous administration of Ca-EDTA (Byers 1959), and 
the same is true a fter parenteral administration of both Ca-EDTA and 
BAL, Jugo et a l . (1975). Chelating agents are excreted in the b ile  and 
thus insoluble lead present in the gut would be rendered soluble after  
chelation therapy. Toxic symptoms in children with lead paint chips 
present in the gut are exacerbated following chelation therapy (Waldron 
& Stofen 1974). Chisholm (1968) noted tha t, in some cases of lead 
poisoning, there was an increased deterioration in patients after  
chelation therapy had begun.
I t  is evident that before lead poisoned birds are treated with these 
chelating agents lead fragments in the form of gunshot or fishing  
weights present in any part of the alimentary t ra c t  must idea lly  be 
removed f i r s t .
There is some dispute over the source of excreted lead following 
Ca-EDTA therapy. M il le r  (1959) states that the soft tissue lead is  
depleted rather than the bone lead, and Castellino and Aloj (1965) 
support this theory. However, Hammond (1971) maintains that the source 
of excreted lead is the bone stores, and was able to confirm this in 
both rats and rabbits.
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A deer, five cows, one goat and four dogs which had ingested lead 
improved or to ta l ly  recovered when treated with injections of thiamin 
(Bratton 1981). The author carried out experiments using twenty f ive  
calves to determine the e ffect of thiamin on lead poisoning under 
experimental conditions. In his f i r s t  experiment, he used f if tee n  male 
calves divided into three groups of f ive  animals, giving control, 
lead-dosed and lead-dosed plus thiamin groups. The control and the 
lead-dosed plus thiamin groups remained c l in ic a l ly  normal, whilst in 
the group dosed with lead only, deaths and abnormal behaviour 
occurred. The second experiment with ten calves confirmed these 
findings. Encouraged by these results, I did the following experiment 
to determine the effect of thiamin on lead dosed mallard ( Anas 
platyrhynchos).
METHODS
Twelve adult mallards, eighteen months old and weighing 1079-1286 gr 
were obtained from a registered game dealer. The ducks were maintained 
after wing clipping in a grass enclosure measuring 10 m x 20 m, with 
food, chick crumbs and wheat, water and g r i t  free ly  availab le . The 
ducks were allowed to acclimatise for eight days and they were then 
X-rayed and found to be free of ingested foreign objects.
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The birds were then divided into three groups. Group I control. Group 
I I  lead-dosed and Group I I I  lead-dosed plus daily  injections of
thiamin. The weighed lead dose consisted of 5 No.6 lead shot 
incorporated in a gelatin capsule, which was force fed to the birds in
Groups I I  and I I I .  The ducks in Group I I I  also received daily
intra-muscular injections of thiamin dissolved in physiologically
normal saline (Thiamin Hydrochloride (v i t  Bj) Sigma Chemical Co.) at a 
strength of 2.5 mgm/Kg body weight. Thiamin treatment began one hour 
a fte r  dosing with lead shot and injections were carried out at the same 
time of day during the experiment.
All the birds in the control group gained weight during the experiment 
by an average of 128 g (range 120-139 g ) . Both dosed groups lost 
weight, group 2 by an average of 194 g (range 170-240 g) and group 3 by 
210 g (range 180-268 g ) . Mean weight loss in the two dosed groups was 
not significantly  d if fe re n t .
Twenty four hours a fter  dosing the birds were X-rayed to determine how 
many of the original shot had been retained. I t  transpired that none 
of the shot had been voided.
The study was ended a fte r  12 days; the surviving ducks were k il led  by 
cervical dislocation. They were immediately post-mortemed and samples
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of l iv e r ,  kidney and bone were removed for chemical analyses. Lead 
weights remaining in the gizzard were removed, cleaned and reweighed.
RESULTS
All the birds in Groups I I  and I I I  deteriorated during the study. One 
bird from Group I I  died a fter  5 days, two more birds died a fter eight 
days one from Group I I  the other from Group I I I .  Because of the
condition of the remaining birds in both Groups I I  and I I I  the 
experiment was terminated a fter 12 days. Signs of lead poisoning were 
evident in both lead dosed groups from the 4th day. The birds had 
d if f ic u lty  in walking and occasionally fe l l  over and green stained 
feathers could be seen around the vent.
Original and eroded shot weights together with daily  erosion rate are
shown in Table 2.
Analysis of various tissues for lead (Table 1) gave control (Group 1) 
means of 2, and means of 3.85 yg g"l (range 2.0-5.6 yg g-1) and
31.2 yg g-1 (range 28-35 yg g-1) in l i v e r ,  kidney and bone 
respectively. The lead dosed birds (Group 2) had means of 145 yg g-1 
(range 123-186 yg g -1 ) ,  223 yg g-1 (range 128-334 jjg g-1) and 
90.7 yg g-1 (range 63.6-137 .yg g-1) in the same three tissues. While
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the thiamin-treated birds (Group 3) had levels of 168 yg g-1 (range 
140-228 yg g -1 ) , 304 yg g-1 (range 96-560 yg g-1) and 31.8 yg g-1 
(range 9.4-46 yg g-1).
The concentration of lead in the l iv e r  and kidney were not 
s ign ificantly  d ifferent between the two dosed groups ( t  = 1.074, DF9, 
P>0.05 and t  = 0.870, DF9, P>0.05). But concentrations in bone were 
sign ificantly  lower in the thiamin-treated birds than the lead dosed 
group receiving no thiamin treatment ( t  = 3.952, DF9, P> 0 .0 1 ) .  The 
thiamin-treated birds were no d ifferent in this respect from the 
controls ( t  = 0.055, DF9, P > 0 .0 5 ) . The l iv e r  and kidney levels in 
both dosed groups were above the levels normally associated with lead 
poisoning in birds (Clarke & Clarke 1975). The mean blood lead for a ll  
12 ducks during the period of settling in was 2.8 yg/100 ml blood 
(range 0.8 to 3.2 yg /lOO m l). The maximum blood lead level attained  
in Group I I  was 394 yg /lOO ml on day 9 and in Group I I I  394 yg/100 ml 
on day 12 (Figure 1 ) .  ^
Birds 7, 8, 9, 10 and 12 showed a steady blood lead increase a fte r  
dosing until day 6, 6, 6, 8 and 8 respectively. Following th is ,  the 
blood lead levels became e r ra t ic .
The blood lead levels of the three birds which died were 374, 360 and 
380 yg/100 ml in the previous 24 hours. The remaining birds had blood
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lead levels which exceeded these concentrations at some time during the 
experiment. The eight dosed birds retained a ll the original dose of 
lead pe lle ts , erosion rates are shown in Table 1 and are calculated on 
the amount of lead eroded per day assuming a constant ra te . The three 
birds which died (number 5 on day 5, number 6 and 11 on day 8) had 
eroded 93.4, 108 and 89.4 mg respectively of lead. Bird number 12 
which had eroded 4 times as much lead as bird number 7 had similar 
blood lead concentrations to number 7 (394 and 364 yg/100 ml) by day 
12. The blood lead levels of the two dosed groups rose within 24 hours 
above the maximum accepted levels (40 yg/100 ml blood) for swans in the 
wild (Birkhead 1983). In the control group, blood lead levels  
displayed a maximum of 3.2 yg/100 ml (range 0.8 to 3.2 yg/100 m l). A 
similar pattern of blood lead levels was noted by All croft (1951) when 
calves were dosed with the lead ore (galena) or lead metal alone.
Because of the interaction of other elements with lead (Six & Goyer 
1970, Bari top & Khoo, 1975), whole blood measurements of calcium, 
magnesium and zinc were taken. Only minor variations were observed but 
were not s ta t is t ic a l ly  d if fe re n t ,  and are not shown here.
DISCUSSION
The in i t ia l  rapid a v a i la b i l i ty  of lead, followed by a slowing down of
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erosion, could account for the pattern of blood lead changes observed. 
I t  is known that erythrocyte count drops when birds are exposed to 
lead, to as much as a third of the normal value within 6 days (Coburn 
1951). In this same study red cell counts became e rra t ic  in some birds 
a few days prior to death. These observations would further accentuate 
the effect of a decline in lead erosion rate and give rise to the 
pattern of blood lead levels seen in my experiment.
Immediately a fter  dosing, shot erosion would presumably proceed rapidly  
due to gizzard a c t iv ity  and the high ac id ity  of the gizzard juices (pH 
2 .4 ) .  As lead intoxication progresses, the gizzard eventually loses 
i ts  grinding a b i l i ty  and the lead weights are then eroded only by the 
acid; also as the shot gets progressively smaller the erosion rate 
would further decline due to reduced surface area.
In this experiment thiamin treatment had no obvious beneficial effects  
on lead poisoning. There was no s ignificant reduction in tissue levels  
of lead in the thiamin- and lead-treated ducks, over the lead-treated  
ducks and a ll  the lead-dosed birds showed c lin ica l signs of lead 
intoxication. This contrasts with the findings of Bratton (1981) who 
demonstrated a lowering of tissue lead levels in calves treated with 
thiamin and also observed no c lin ica l or pathological signs of lead 
intoxication in the vitamin treated group.
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In my study accumulation of lead in the bone was suppressed in the 
thiamin-treated group when compared with the lead-treated group 
receiving no thiamin. There was no significant difference in bone lead 
levels between the control and thiamin treated groups. This implies 
that thiamin in some way blocks bone deposition of lead or enhances 
transportation of lead from bone to soft tissue. These findings were 
also in opposition to those of Bratton (1981), who found that bone 
levels were higher in calves treated with thiamin than in control 
calves. He also quotes unpublished data showing that thiamin elevated 
bone levels in chicks. The single deer treated by Bratton (1981) which 
responded to thiamin dosing but relapsed some time after receiving i ts  
last in jection, was found to have "a lead source" which was removed; 
after further treatment the deer recovered. In my study the lead
source in the ducks remained in the gut, but I fa iled  to observe any 
beneficial effect of thiamin administration. However, coupled with 
lead removal from the alimentary canal and the use of a chelating agent 
the a b i l i ty  of thiamin to prevent bone accumulation of lead may prove 
beneficial in further experiments.
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TABLE 1
Effect of Thiamin on tissue concentration of 
lead (mg/kg Dry Weight) in Mallard
Bird Number Liver Kidney Bone
1 <2 4.0 28
Control 2 <2 5.6 32
Group
3 <2 3.8 35
4
mean ± $E
<2 2.0
3.85±0.73
30
31.2±1.49
5 186 128 63.2
Lead 6 123 193 73.6
Dosed
Group 7 127 334 89.0
8 146 238 137
mean ± SE 145±14.4 223±43.2 90.7±16.31
9 228 560 46
Lead 10 171 385 37
Dosed
Group 11 140 96 9.4
Thi ami n
Treated 12 135 176 35.0
mean ± SE 168±21.3 304±104.7 31.8±7.85
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TABLE 2
Weight (mg) of lead administered and remaining 
in the gizzard at the end of the experiment
Bird Number Original shot Weight of shot Daily erosion rate 
weight eroded (Days between
dosing and 
death)
5 523 93.4 (5) 18.68
6 509 108 (8 ) 13.5
7 523 61.9 ( 12) 5.16
8 520 121 ( 12) 10.08
9 509 258 ( 12) 21.5
10 512 131 ( 12) 10.91
11 512 89.4 ( 8 ) 11.17
12 512 259 ( 12) 21.58
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Chapter 7
Effects of a Diet supplemented with Sodium Phytate on 
the Toxicity of Lead in Mallard Ducks {Anas platyrhynchos)
INTRODUCTION
Recently Sears (1989) has reported that bread, when available, is the 
food of choice for Mute Swans, and Birkhead (1982) has shown that swans 
on the lower Thames rely heavily on such subsidies. I t  is not uncommon 
to see members of the public regularly feeding swans and in many areas 
bread forms a s ignificant part of the ir  d iet (NOG Report 1981). 
Indeed, small bags of grain and bread used to be on sale for that 
purpose along the River Nene at Peterborough. Grain is rich in phytic 
acid and excessive dietary intake of phytic acid is known to suppress 
the a v a i la b i l i ty  of minerals such as iron and zinc in the gut through 
the formation of insoluble phytate complexes (yohra et a l . 1965). The 
b ioava ilab il ity  of some essential trace elements can also influence the 
absorption of lead (Calabrese 1980). Phytic acid can also bind to lead 
d ire c t ly ,  thus affecting lead metabolism (Cheryan 1980, Wise & Gilburt 
1981). Dietary constituents can influence the in testinal absorption of 
lead (Tompsett 1939). S im ilarly, dietary phytic acid could influence 
lead absorption in waterfowl which have ingested lost or discarded 
fishermens' lead weights.
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This chapter reports (1) the effects of a diet supplemented with phytic 
acid on Mallard ( Anas platyrhynchos) dosed with lead fishing weights. 
( 2 ) the results of an experiment conducted to determine the effect of 
homogenates of wheat, bread and various botanical samples on solutions 
of lead.
MATERIALS AND METHODS
Twelve Mallard were divided into three groups each consisting of 2 
males and 2 females. They were acclimatised to pen conditions for 
seven days before the study commenced. During this time a ll  the birds 
were fed on the same d ie t ,  and g r i t  and water was free ly  available  
throughout.
Each group was housed in a separate pen which measured 4 x 2 x 2 M 
high. The pens were washed each day. Two 14 l i t r e  capacity water 
containers were located in each pen and the water was changed twice 
d a ily .  Group I ,  the control group, received no treatment and were fed 
only on the normal basal d ie t .  Group I I  were force fed lead fishing 
weights (adjusted to a total lead weight of approximately 0.25 g) 
incorporated in a gelatin capsule in addition to the basal d ie t .  Group 
three each received the same lead dose similarly adjusted for weight 
but were fed on the basal d iet supplemented with sodium phytate.
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On the final day of the experiment, following overnight starvation, a ll  
the birds were dosed individually  with a slurry of 5 ml barium sulphate 
introduced d irec tly  into the proventriculous by means of a f lex ib le  
plastic catheter attached to a 10 ml syringe. The experiment was 
terminated a fte r  12 days.
All the birds were k illed  by intravenous in jection of sodium 
pentobarbitone, a fter  which samples of l iv e r ,  kidney and bone were 
immediately removed for chemical analysis. Remaining lead weights were 
removed, washed, dried and reweighed.
Homogenate Experiment
Five gram samples of wheat, brown bread, Zostera, Spirogyra and other 
unidentified plant material found in the alimentary trac t of swans 
during post-mortem examination were separately homogenised in 25 ml 
quantities of d is t i l le d  water. Ten ml of a solution containing 500 g 
of lead (as lead chloride) was mixed with each sample and allowed to 
stand for 15 minutes. Samples of the individual supernatant solutions 
were then f i l te re d  and analysed for lead.
Diet
The basal d ie t ,  (both diets were specially manufactured by Birdquest 
International) consisted of 17% protein, 5% oil and 4% fib re , and was
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supplemented with vitamins (1) and minerals (2 ) .  The experimental d iet  
was prepared by adding 30 kg of sodium phytate to each 1000 kg of dry 
basal d ie t mixture. Both diets were manufactured to a 3 mm pelle t size 
which is readily accepted by mallard.
( 1)
( 2 )
per Kg (Dry Weight)
Vitamin A 10,000 lU
Thiamine 10 mg
Riboflavin 12 mg
Niacin 50 mg
Calcium Pantothenate 22 mg
Pyridoxine Hydrochloride 10 mg
Vitamin B12 44 meg
Chloline Chloride 1020 mg
Vitamin C 25 mg
Vitamin Dg 3000 mg
Vitamin E 40 mg
Bi oti n 100 meg
Vitamin K 4 mg
Folic Acid 2 mg
Calcium 1 . 0%
Phosphorous 0 . 8%
Potassium 2 . 0%
Sodium 0 . 2%
Iron 100 mg
Manganese 35 mg
Zinc 56 mg
Copper 11 mg
Iodine 2.1 mg
Selenium 100 mg
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RESULTS
Body weights of both of the dosed groups declined during the study: 
Group 2 by an average of 260 g (range 210-340 g) and Group 3 by 190 g 
(range 170-240 g). Mean weight loss was significantly  greater in Group 
2 birds than in Group 3 birds ( t  = 2.63 OF = 6 P 0.0388).
Both dosed groups showed signs of lead tox ic ity  by the ir  green watery 
droppings and soiled vent feathers. However, the group 2 birds, which 
received lead and the basal d ie t ,  were c l in ic a l ly  more i l l ,  exhibiting  
an unsteady g a it , l i t t l e  interest in food and a tendency to remain in a 
quiet group away from disturbance. The Group 3 birds, receiving the 
phytate supplemented d ie t ,  did not appear unsteady when walking and 
could be seen to be regularly taking food and using the water bowls for 
bathing.
The X-rays taken 20 minutes a fter  the slurry of barium sulphate was 
administered in the final day of the experiment, revealed marked 
p e r is ta lt ic  movement in the intestines of the control group of birds. 
Less pronounced per is ta lt ic  movement could be seen in the phytate 
supplemented group, but similar gut movement could not be seen in the 
non-supplemented lead-dosed birds. However, radio-opaque material 
could be clearly seen in the intestines of the non-supplemented birds, 
indicating a continued but abnormal gut a c t iv ity .
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Analysis of various tissues for lead (Table 2) showed a control (Group 
1) mean level of 2, 6.4 g-1 (range 3 .8 -9 .3  pg g-1) and 18.8 yg g-1
(range 12.4-24.4 yg g-1) in l iv e r ,  kidney and bone respectively. The 
Group 2 birds had means of 35.9 yg g-1 (range 28.9-43.7 yg g -1 ),
85.0 yg g-1 (range 69.7-111 yg g"l) and 105 yg g“l (range 
84.6-132 yg g-1) in the ir  tissues, while Group 3 results were as
follows, l iv e r  17.0 jig g-1 (range 11.7-20.3 jig g-1) kidney 34.8 jjg g-1 
(range 19.6-48.6 jig g-1) and bone 72.9 Jig g-1 (range
59.8-82.6 yg g -1 ). In each case the Group 3 tissue levels were 
sign ificantly  lower than those in Group 2, l iv e r  ( t  = 4.87, DF6.0, 
P 0.0028), kidney ( t  = 4.48, DF6.0, P 0.0042) and bone ( t  = 2.68,
DF6.0, P 0.0361).
Significantly more lead was eroded from the fishing weights in the 
phytate supplemented group than in the dosed group receiving only the 
basal diet ( t  = 2.54 DF6.0 P 0.0436) (Table 1 ) . Daily erosion rates 
averaged 9.6 mg (range 6.7-12.0 mg) and 12.7 mg (range 11.8-14.3 mg) 
for Group 2 and Group 3 respectively. Calculation of average dietary  
exposure of each bird during this study based on 100 g of food per day, 
per bird and the relevant shot erosion, gave an equivalent dietary  
intake of 96 mg kg-1 for Group 2 birds and 127 mg kg-1 for Group 3 
birds.
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Analysis of supernatant samples from the homogenate experiments show 
that 80% of the lead was precipitated by wheat, 62% by bread and 2% by 
the remaining individual botanical specimens.
DISCUSSION
The increased erosion rate of lead in the phytate group of birds was 
not reflected in the ir  body tissue values. Eroded lead, in this case, 
must have been made insoluble, rendering i t  unavailable for  
absorption. The diet in th is programme of work was supplemented with 
3% sodium phytate which was in excess of that naturally occurring in 
the dietary constituents.
Most seeds comprise 1-6% phytic acid (Graf 1983) and this has been 
shown to be capable of forming insoluble metal complexes, making them 
unavailable for intestinal absorption (Davies & Olphin 1979, Morris & 
E llis  1980). I t  has also been shown that phytate alone w il l  not 
precipitate lead from solution but, in the presence of calcium, a 
precipitate with lead is formed (Wise & Gilburt 1981). Dietary zinc 
can also be precipitated in this way (Likuski & Forbes 1965). Bread 
and wheat contain approximately 0.06 and 0.05% calcium respectively  
(Technical Bulletin 33). Calcium was also a major mineral constituent 
of the pelletised d ie t .
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A barium test meal was administered on the final day of the
experiment. The results showed that the group consuming the diet
supplemented with phytate maintained a measurably more e f f ic ie n t  gut
a c t iv ity  than the group receiving only the basal d ie t .  This could 
account for the increased erosion rate of lead seen in the sodium
phytate supplemented group of birds. Also, because of continued gut 
a c t iv ity  this would also be responsible for the less marked decline in 
body weights seen in th is group.
The difference in mean tissue values of lead caused by phytate 
supplementation shows that each day 8.15 mg of eroded lead was not
available for absorption in this group of birds. Bearing in mind the 
lead eroded in the gizzards of mallard in this thesis averaged
0.011 g/lead/day the above is clearly a s ignificant figure.
The results of the homogenate experiment show that the natural
constituents of a swans d iet had no detectable effect on the
a v a i la b i l i ty  of lead in v i t r o .  However, Jordan & Bell rose (1951) found 
that the most suitable food for a llev ia tin g  lead poisoning was leafy  
green aquatic plants. These findings are in opposition to work carried 
out on mallard where a group of birds, given a d iet with a high green 
food content, consumed more g r i t ,  had s ign ificantly  higher l iv e r  and 
kidney lead residues and succumbed to lead intoxication sooner than
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ducks sim ilarly  dosed but given only duck pellets to eat (French 
unpublished).
I t  is not surprising that bread is a popular food source in areas with 
a plentiful supply of natural vegetation (Sears 1989). Swans would 
need to ingest only 800 g of bread or wheat which have a protein 
content of approximately 9 and 12% respectively, to equal the protein 
content of 4 kg of wet vegetation estimated to be consumed daily  by 
swans (Mathiasson 1973). The a v a i la b i l i ty  of bread usually encourages 
swans into many areas where lead weights are in abundance (Sears 1988, 
Sears 1989). The results of this experiment show that a d iet  
supplemented with bread or wheat may be capable of altering the 
b io ava ilab il ity  of lead in swans carrying lead fishing weights in th e ir  
gizzards. And furthermore, the manipulation of dietary constituents 
may prove to be therapeutically important in swans receiving treatment 
for lead poisoning.
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Table 1
Weight of lead administered and remaining in the 
gizzard at the end of the experiment.
Weight of lead Weight of lead removed Daily erosion
administered to the at post-mortem. rate,
test group incorporated 
in a gelatin capsule.
Bird No. 9 9 mg
5 0.261 0.180 6.7
6 0.264 0.120 12.0
7 0.251 0.136 9.6
8 0.260 0.138 10.2
9 0.249 0.101 12.3
10 0.250 0.098 12.6
11 0.254 0.112 11.8
12 0.259 0.087 14.3
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Table 2
Results of l iv e r ,  kidney and bone analysis for lead, in Mallard 
Expressed in yg g-1 on a dry weight basis.
Group I Control
(Basal d iet)
Group I I  Lead Dosed 
(Basal d iet)
Group I I I  Lead Dosed 
(Basal diet with 
sodium phytate 
supplementation)
Bird No. Liver Kidney Bone
1 2 8.4 18.6
2 2 9.3 24.4
3 2 4.1 19.8
4 2 3.8 12.4
Mean ± SE 6.4±1.42 18.812.47
5 39.1 84.6 112
6 43.7 111 132
7 28.9 74.8 91.8
8 32.0 69.7 84.6
Mean ± SE 35.9±3.35 85±9.19 105110.67
9 20.3 48.6 82.6
10 16.8 30.0 59.8
1
11 19.4 41.2 68.4
12 11.7 19.6 80.9
Mean ± SE 17±1.93 34.8±6.36 72.915.40
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Chapter 8
Effect of Lead Ingestion on Landing Ability and 
IVIotor Coordination of Adult Pigeons {Columba livia)
INTRODUCTION
Changes in peripheral and central nervous system functions, the 
symptoms of which include tremor, fa tigue, nervousness and memory loss
have been attributed to lead intoxication (Valcuikas et 1978).
Mental retardation and hyperactivity in children have also been linked 
to lead poisoning (Berg & Zapella 1964, Beattie et a l . 1975, David et 
a l . 1972). Workers occupationally exposed to lead showed poorer 
performance in behavioural test scores when compared to a control group
of workers (Valcuikas et 1978). These tests included tasks of
symbol cancellation and dexterity .
Collision with objects during f l ig h t  can cause substantial m ortality  in 
swans (Ogilvie 1967). In this study over half of the swans 
post-mortemed had been involved in collis ion accidents. Swans 
suffering from lead poisoning have been shown to become trapped in 
locks and other enclosed sites and are easy to catch and handle 
(Simpson et a l . 1979). Sublethal lead poisoning is also thought to 
contribute to an increased tendency to collide  with objects (Birkhead &
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Perrins 1986). A single injection of lead n itra te  has been shown to 
effect the feeding behaviour of young common terns ( Sterna hirundo) ,  
resulting in reduced food assimilation compared with controls 
(Gochfield & Burger 1988); also behavoural abnormalities have been 
noted in the pigeon following intubation with lead acetate (Dietz ^  
1979). Recently, O'Halloran et a l . (1989) have detected abnormal 
levels of lead and haematological disorders in swans that have collided  
with objects. This present study was carried out to determine whether 
sublethal lead intoxication would affect the performance of pigeons in 
a simple performance te s t .
MATERIALS AND METHODS
Sixteen racing pigeons ( Columba l i v i a ) ,  ranging in age from 3 to 5 
years, were divided into two groups of eight birds, four males and four 
females in each group. Each group was housed in a separate pen which 
measured 4 x 2 x 2 m. The ad libitum diet for both groups consisted of 
a mixture of equal quantities by weight of peas, maples peas, wheat and 
maize. Water and oyster shell g r it  were also freely  available. Water 
bowls were provided for bathing. Prior to dosing, a blood sample was 
taken from each bird to determine normal blood lead values. Blood 
samples were then taken as far as possible every 24 hours until the
I l l
experiment was terminated a fte r  15 days. The eight birds in the test
group were, at the s ta r t ,  each force fed with 4 No.7 fishing weights
incorporated in a gelatin capsule.
At the end of the experiment a ll the birds were k illed by intravenous 
in jection of sodium barbitone.
Performance test
A test was developed to assess the effect that lead might have on 
f ly ing a b il i ty  and landing accuracy. This test was carried out in a 
room measuring 3.6 x 2.4 x 3.6 m long with an east facing window 50 cm 
X 50 cm providing a natural l igh t source. A s i l l  25 cm x 105 cm long 
in front of the window provided a landing platform.
The pigeons were transported to the test room altogether in a plastic
chicken crate 30 x 70 x 100 cm long. The crate was covered with a 
sheet to exclude as much l ig h t as possible before the birds were 
handled for the te s t .  Testing was carried out between 1400-1500 h each 
day one hour a fter  capture. Each pigeon was removed from the crate at 
random. Using both hands the handler held the birds wings close to its  
body allowing i ts  feet to hang free ly  between the fingers. The bird 's  
head faced south away from the handler. Ten seconds a fte r  removal from 
the crate the bird was released from a height of 100 cm and allowed to
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fa l l  to the f lo o r . A mat of bubble polythene measuring 100 x 100 cm 
was provided immediately below the bird as protection in the event of a 
poor landing. After release reaction was monitored and 1 minute la te r  
the bird was recaptured and placed in a separate basket away from the 
untested birds. The scoring system consisted of 'pass' for an accurate 
landing on the floor or s i l l ,  or ' f a i l '  for an inaccurate landing. 
Birds which landed on the floor and then subsequently flew to the s i l l  
or s i l l  to floor scored either pass or f a i l  depending on the quality of 
the f i r s t  landing. Most birds pre ferentia lly  attempted landings on the 
s i l l .  Collisions with the wall or s i l l  or overbalance following 
landing were scored as a f a i l .
RESULTS
Body weights
The mean body weights were 607 g (range 580-690 g) and 597 g (range 
575-640 g) at the beginning of the experiment for the control and dosed 
groups, and 599 g (range 585-611 g) and 588 g (range 540-610 g) at the 
end of the experiment. Although 3 of the dosed pigeons and 2 of the 
control pigeons lost weight, the group weights were not s ign ificantly  
d iffe ren t at the beginning and end of the study. Food was readily  
taken by both groups throughout the study.
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Shot erosion and absorption
The lead shot remaining in the gizzard at the time of post-mortem was 
removed, washed and reweighed (Table 1 ). All 8 dosed birds, retained 
a ll th e ir  original dose throughout the 15-day experiment (Table 1).  
The mean apparent erosion was 116 mg over 15 days, or 7.74 mg per day. 
Calculations of average dietary  exposure of each bird during our study 
based on 35 g of food per day per bird and the relevant shot erosion 
rate over 15 days, gave an equivalent dietary intake of 221 mg kg-1 for 
lead.
Post-mortem analysis
The eight dosed and eight control pigeons were examined and found to be 
in good general condition with no external evidence of abnormalities. 
The only obvious c lin ica l sign was the production of bright green 
faeces in the lead-dosed group. At post-mortem, a ll  the birds showed 
considerable fa t reserves and no gross pathological changes were seen 
in the internal organs other than green staining of the gizzard lin ing  
in six of the dosed birds, but this also occurred in two of the control 
bi rds.
Blood lead levels
Twenty-four hours a fter  dosing and throughout the period of the 
experiment, blood lead values were above the 40 yg/100 ml (Figure 1)
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established by Birkhead (1983) as the maximum acceptable level (MAL)
for swans. By day 6 , median blood lead values reached a maximum of 
545 yg/100  ml; thereafter values became e r ra t ic ,  fa l l in g  to
440 yg/100 ml of blood by day 15, the end of the experiment. Blood
lead levels in the experimental pigeon group were within the range of
values often seen in lead poisoned swans (Simpson et a l . 1979, Birkhead 
1982, Sears 1988).
By day 5, when effects of the performance test could f i r s t  be detected 
the average tota l exposure to lead was less than 40 mg assuming a 
uniform shot erosion ra te . Median blood lead values at th is time were 
440 yg/100 ml. These levels are between 5 and 10 times higher than 
those in swans which were shown to be involved in collisions  
(O'Halloran et a l . 1989).
Performance Test Results
Visual inspection of the data (Table 2) shows that the responses of the
dosed birds differed from those of the control birds. All eight of the
dosed birds each scored six or more fa ilu res  during the performance
te s t ,  whereas the eight control birds responded with at most two
fa ilu re s . Using Fisher's randomization te s t,  the probability of
obtaining such a result on the hypothesis of no difference in response
is 2 = 4 X 10-9. The pattern of the observations on the dosed
16
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birds shows that there is a delay of 3-5 days before the effect of 
dosing is shown. Bell rose (1959) noted th a t, among dosed wild 
mallards, the ingestion of lead shot did not a ffect behaviour until 
after  the f i r s t  5 days.
DISCUSSION
Following daily  crop intubations with lead acetate solutions 
(72 mg/kg/day), behavioural changes in pigeons were noted (Cory-Slechta 
et a l .  1980). Blood lead values for these birds were between 260 and 
580 yg/100 ml. The changes were attributed to starvation or to a 
combined effect of damage to the central nervous system and 
starvation. As the experiment progressed, ir re g u la r it ie s  in 
performance were followed by regurgitation of crop f lu id ,  crop 
d ila ta tion  and motor incordination. Some birds showed crop impaction 
with food, others lost weight. Whilst pigeons receiving 12 mg/kg/day 
of lead acetate by intubation exhibited no symtoms of to x ic i ty ,  blood 
lead values for these birds were between 137-196 yg/100 ml.
Results from my study have demonstrated no pathological changes, and 
dosing produced no signs of overt tox ic ity  on a calculated intake of 
lead of 10.5 mg/kg/day. However by day 6 , median blood lead values
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(545 g/100 ml) were s im ilar to those of the pigeons receiving
72 mg/kg/day of lead acetate noted in the above experiment, and which 
also caused marked behavioural changes.
The two methods of dosing, intubation with lead acetate and forced 
feeding with lead fishing weights, may be reponsible for the d if fe re n t  
pathological changes.
Lead also affects the production of serum protein bound iodine in ducks 
dosed with lead shot (Goldman et a l . 1977). Interference with the 
production of thyroid hormones, which regulate metabolic ra te , enhances 
pitu ita ry  secretion of thyrotropin; this manifests i t s e l f  in increases 
in thyroid weight and ll31  uptake (Horande & Perez-Castrillo 1961). 
This compensatory mechanism eventually becomes exhausted and a state of 
hypothyroidism ensures (Sandstead 1967).
Change in thyroid a c t iv ity  resulting in a hypothyroidal state has been 
shown to severely depress metabolic rate (Sturkie 1965). Interference 
with thyroid ac tiv ity  by other environmental contaminants has also been 
noted (Jefferies & French 1971). In this particular study, low doses 
of DDT caused birds to exhibit a hypothyroidal state and high doses 
caused a hyperthyroidal s ta te . This phenomena could also occur with
other toxic chemicals including lead, resulting in e ither over- or 
under-activity.
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Levels of lead similar to those found in the kidney have been
demonstrated in the pancreas of mallard dosed with gunshot (Longcore et 
a l .  1974), and in swans; increased lead levels in the pancreas have
been shown to be due to the ingestion of fishing weights (O'Halloran 
a l . 1988). Whether these levels of lead in the pancreas cause
sublethal effects is not known. However, one of the metabolic
a c t iv it ie s  of the mammalian pancreas is to control glucose metabolism
via its  secretion of the hormone, in su lin . O'Halloran et a l . (1988) 
also noted changes in circulating plasma glucose levels in swans 
suffering from acute lead poisoning. Reduced blood glucose levels may 
be the result of starvation, often seen in lead-poisoned swans due to 
impaction of the alimentary t ra c t ,  or a d irect effect on pancreatic 
a c t iv i ty .  Either way, any sustained change in , or interference with, 
the regulation of metabolic rate would seriously impare the a b i l i ty  to 
cope with an urgent call on energy and could also therefore increase 
risks of colliding with objects.
Ducks, whose diet has been dosed with cadmium, ran twice as far from a 
fr ig h t stimulus as did controls or birds receiving a higher dose (Heinz 
& Haseltine 1983). This type of reaction has also been noted in quail 
receiving endrin (Krietzer 1980). Also ducks receiving methyl mercury 
were hyper-responsive in avoidance behaviour (Heinz 1979). Ducklings 
dosed with lead also showed lower scores in open f ie ld  behaviour tests
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when compared with controls, but the difference was not significant  
(Frederick 1976). Hypo- or hyper-responsiveness could be just as 
damaging in avoidance behaviour and could manifest i t s e l f  in increased 
collis ion with objects. Tests carried out on a group of workers
occupationally exposed to lead and a group of controls showed 
significant differences in performance when measured by the C rit ica l  
Flicker Frequency Test (Betta 1983). This test is capable of measuring 
vigilance and re ac tiv ity , two important factors in avoidance response. 
Similarly workers exposed to lead scored s ign ificantly  lower marks 
during performance tests than did controls (Valcuikas et a l . 1978).
In the la t te r  two studies, the blood lead levels which were needed to 
affect performance, in the test workers were considerably lower than 
values seen in lead burdened swans (Simpson et a l . 1979, Birkhead 
1982, Sears 1988, O'Halloran et a l . 1989).
Also Mallard carrying a single lead shot in the ir  gizzard were affected 
in such a way as to make them more vulnerable to hunters than lead-free  
ducks (Bellrose 1959). As the number of lead shot in the ir  gizzards 
increased so did the ir  vu lnerab ility . In this same study weakness and 
fatigue caused by lead poisoning reduced the a b i l i ty  of wild mallard to 
migrate. The larger the number of shot ingested, the greater the 
reduction in movement.
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With our present knowledge, i t  is impossible to hypothesize what 
combination of factors cause the tendency of lead burdened swans to 
collide  with overhead cables. But the changes in physiology due to 
lead already mentioned have a ll  been shown to affect normal performance 
in one way or another.
The results of this experiment have shown that sublethal lead 
intoxication is capable of affecting a birds' motor coordination and 
landing a b i l i ty .  Furthermore, these affects were detected when blood 
lead values, in the experimental birds, were within the range of those 
seen in l ive  wild swans.
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TABLE 1
Weight of lead shot administered and remaining in 
the gizzard of pigeons at the end of the experiment (15 days)
Weight of four No.7 shot 
administered to the test group 
incorporated in a gelatin capsule
Weight of lead shot removed 
at post-mortem. Number of 
shots is in parenthesis
Bird No. 9 9
9 0.307 0.183 (4)
10 0.316 0.238 (4)
11 0.320 0.193 (4)
12 0.300 0.206 (4)
13 0.360 0.229 (4)
14 0.334 0.223 (4)
15 0.329 0.191 (4)
16 0.310 0.184 (4)
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TABLE 2
Performance Test Results
Days after dosing with lead shot 
(p = Pass, F = Fail)
Control
Total P
'd No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 P P P P P P P P F P P P P P P
2 P F P P F P P P P P P P P P P
3 P P P P P P P F P P P P P P P
4 P P F F P P P P P P P P P P P
5 P P P P F P P P P P P P P P P
6 P P P P P P P P F F P P P P P
7 P P F P P P P P P P P P P P P
8 P P P P P P P P P P P P P P P
8 7 6 7 6 8 8 7 6 7 8 8 8 8 8
9 P P F F F P F P P F F F F F
10 P F P P P F P F F P P F F P P
11 P P F P P F F F P P P F F F P
Lead 12 P P P F F P F P F P F P P F F
Dosed
13 P P P F F F P F F F P F F P P
14 P P F P P F F F F F F F P F F
15 P P P F F F F P F F P P F F F
16 P P P P P F F F P F F F F P F
Total P 8 7 5 4 4 2 2 2 2 3 3 2 2 3 3
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Chapter 9
Investigation into the Effects of Ingestion of Zinc Shot by 
Mallard Ducks {Anas platyrhynchos)
INTRODUCTION
The poisoning of wildfowl following the ingestion of spent lead gunshot 
has been well researched, particu larly  in the USA (Jordan & Bel rose, 
1951; Bel rose, 1959; Trainer & Hunt, 1965; US Fish and W ild life  
Service, 1976). The problem of lead poisoning of wildfowl has been 
demonstrated in Ita ly  (Del Bono, 1970), Denmark (Clausen et a l . ,  1975) 
and Great Britain (Beer & Stanley, 1963-64; Mudge, 1983).
In 1979, a second lead poisoning threat to swans was iden tif ied  as 
discarded lead fishing weights (Simpson et a l . ,  1979). Surveys carried 
out in the East Midlands (Hunt, 1980) and on the River Thames 
(Birkhead, 1981) showed that up to 80% of deaths of mute swan ( Cygnus 
olor) in certain areas were due to lead poisoning, following the 
ingestion of lead fishing weights. The same problem has been recorded 
in whooper ( Cygnus cygnus) and Bewick swans ( Cygnus bewickii) (Owen & 
Cadbury, 1975; French, 1982). A summary of the available information 
on swans was published by the Nature Conservancy Council (1981). These 
findings, coupled with the recommendation of the Royal Commission on
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Environmental Pollution, gave impetus to the search for alternatives to 
lead, both as gunshot and as fishing weights. This project is
concerned with testing the safety of zinc shot provided by the 
manufacturer AM & S Europe.
MATERIALS AND METHODS
The birds tested were 1-year-old mallards ( Anas platyrhynchos) reared 
by a registered wildfowl dealer. Thirty-eight birds were used in the 
study, divided into two separate experiments of d ifferent dosage levels 
and carried out at d ifferent times. All birds were acclimatised to pen 
conditions for 14 days before the studies commenced. The birds had 
free access to food, g r it  and water at a ll  times during the 
experiment. The food consisted of wheat, barley and turkey crumbs, a 
mixture found suitable for ducks on previous occasions. The lower dose 
experiment consisted of three groups of ten birds, five males and five  
females in each group. The high dose study consisted of eight birds 
divided into two groups, two males and two females in each.
Each group was housed in a separate pen which measured 4 x 2 x 2 m. 
The pens were washed each day. Two 1 4 - l i t re  capacity water containers 
were located in each pen and were changed twice da ily .
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Each bird was weighed and radiographed before dosing. The lower dose 
test birds ( f iv e  males and f ive  females) were each given a single oral 
dose of f ive  No.6 high grade zinc shot incorporated in gelatin  
capsules. The control group of five pairs each received empty gelatin  
capsules. The remaining f ive  pairs did not receive any treatment and 
were used as 'super-controls' to highlight any possible effects of 
gelatin ingestion or X-ray exposure in the other birds.
The high dose test birds (two males and two females) were each dosed 
ora lly  with ten No.6 high grade zinc shot incorporated in gelatin  
capsules. The control group again received empty capsules. All shot 
used in this investigation was produced from zinc of 99.9% purity.
Samples of l iv e r ,  kidney and feathers, which were removed at the end of 
the study, were oven dried at 80°C for 24 h and then digested in 10 ml 
of concentrated n i t r ic  acid for 18 h at room temperature, followed by 
boiling for 1 h. The extract was cooled and diluted to a volume of 
25 ml with g lass-d istil led  water. Final chemical analyses were carried  
out using a Perkin-Elmer 2380 Atomic Absorption Spectrophotometer.
RESULTS AND DISCUSSION
After 2 days, a ll the birds in the dosed and control groups (but not
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the super-control group) were X-rayed to ascertain whether the shot was 
retained in the gizzard. All the lower dosed birds had retained the ir  
original dose, except one bird which had voided one zinc shot which was 
discovered in the f l ig h t  pen. Only one of the high dose birds had 
retained a ll  of the original shot. The other three, two females and 
one male, had voided four, four, and two, respectively, of the original 
dose. Five shots were recovered from the pen and the remaining five  
were assumed to have been washed out in the daily  cleaning process. 
The X-ray procedure was repeated a fter 7 and 14 days, and no further 
loss of shot was observed. Both experiments were terminated a fte r  28 
days. All the birds survived the study with no v is ib le  i l  1-effects of 
dosing. Moreover, i t  was noted that a ll the zinc dosed birds had 
markedly better conditioned plumage than did the controls and super­
controls, even though they had not moulted.
The ten dosed and ten control mallards from the lower dose experiments 
were examined and found to be in good general condition with no 
macroscopical evidence of lesions or abnormalities, other than some 
abrasions to the feet caused by the concrete f l ig h t  floors. The birds 
were k illed  by intravenous injection of sodium pentobarbitone and 
immediately post-mortemed. One control bird showed marked feather loss 
and small internal fa t  reserves, but new feathers were appearing and no 
gross pathological changes were seen in the internal organs. Liver and
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kidney samples were removed for histo-pathological examination, which 
supported the gross post-mortem findings that there were no important 
differences between birds in the dosed and control groups.
The high dosed birds were s im ilarly  treated, but no histo-pathology was 
carried out in that study.
Body weights
The three groups in the lower dose experiment each gained an average of 
12% weight over 28 days. Mean weight gains for the super-controls were 
94 g (range 88 to 106 g ) , controls 101 g (range 94 to 137 g) and five  
shot dose 97 g (range 84 to 103 g ). These differences were not 
s ta t is t ic a l ly  s ign ificant.
The two groups in the high dose experiment each gained an average of 2% 
weight. Mean weight gains for the controls were 16 g (range 14 to 
18 g ), and 10 shot dose 19 g (range 13 to 20 g ) , again not 
s ign ificantly  d if fe ren t.
Colder environmental conditions prevailing at the time of the second 
study may have influenced body condition.
Low dose study: Daily maximum 20.7°C, Minimum 11.6°C, Mean 16.1°C.
High dose study: Daily maximum 4.0°C, Minimum -3.7°C , Mean 0.1°C.
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Effect on iron, copper and zinc levels in tissues
In th e ir  study Grandy et a l . (1968) measured iron levels in the l iv e r  
in order to determine the effect of zinc in toxication, and also to 
assess the degree of haemosiderosis which they found in the test group 
and also some of the control ducks. We measured iron and also copper 
levels in the l iv e r  and kidney, since i t  is known that anaemia, which 
was noted by Gasaway & Buss (1972), is a common expression of copper 
deficiency.
Chemical analyses of l iv e r ,  kidney and feathers were carried out on 
tissue removed at the time of post-mortem from both experiments. The
results of iron and copper determination in the l ivers  and kidneys of
a ll the dosed and control birds are shown in Table 1. Liver iron
levels in the lower dose birds (mean 2109 _yg g"^; range 
1385-4081 yg g-1) did not exceed those of the control birds (mean 
2909 yg g-1; range 1274-11300 ng g -1 ). The high dose experiment 
reflected the same l iv e r  iron pattern (mean 1906 yg g-1; range
1342-2964 yg g-1) for the dosed birds, compared to the control group 
mean of 1968 yg g - l ; (  range 1268-3100 .yg g -1 ) .
Liver and kidney copper levels reflected a normal pattern in both dosed 
groups, except control bird No.6 which had a kidney copper level of 
492 yg g-1, a figure I cannot explain.
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TABLE 1
Results of Liver and Kidney Analyses for Copper and Iron of Mallard 
Expressed in yg g-1 on a Dry Weight Basis
Bird No. Liver Kidney
Copper Iron Copper Iron
Control 1 414 11300 27.5 794
2 205 1640 26.3 802
3 263 1274 25.0 711
4 476 1979 15.1 577
5 291 2157 25.0 1019
6 258 3399 492.0 692
7 742 1545 18.5 629
8 216 1310 19.7 530
9 392 3015 14.7 772
10 127 1473 19.2 551
Mean ± SE 338±56 2909±959 68.3±47 707±47
Low dose 11 380 1630 16.4 500
12 255 4081 35.7 571
13 339 2321 22.7 621
14 360 2720 30.0 600
15 263 1412 31.2 775
16 311 2551 23.2 625
17 352 1760 27.0 345
18 310 1805 18.0 666
19 377 1428 28.5 585
20 310 1385 28.1 687
Mean ± SE 325±14 2109±267 26.0±1.9 597±36
Control 21 374 1268 26.2 714
22 339 3100 27.1 528
23 700 1814 19.8 552
24 422 1692 20.0 800
Mean ± SE 458±82 1968±394 23.2±2 648±65
High dose 25 397 1772 21.6 791
26 682 2964 28.4 718
27 416 1342 25.1 530
28 320 1548 18.9 511
Mean ± SE 453±79 1906±363 23.5±2 637*69
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TABLE 2
Results of L iver, Kidney and Feather Analyses of Mallard for Zinc on a
Dry Weight Basis .yg g-1.
Bird No. Liver Kidney Feather
Control 1 196 57.6 125
2 164 65.8 136
3 182 76.9 135
4 247 54.4 138
5 171 67.3 118
6 162 76.9 144
7 204 48.3 101
8 112 60.6 107
9 162 45.5 133
10 116 57.7 150
Mean ± SE 171*13 61.1*3.4 128*5
Low dose 11 222 50.0 104
12 260 95.2 130
13 208 83.3 125
14 209 90.1 144
15 180 68.7 125
16 204 80.3 140
17 270 88.5 153
18 194 69.4 105
19 214 85.7 134
20 216 78.1 100
Mean ± SE 217*9 78.9*4.2 126*5.7
Control 21 201 54.1 153
22 196 86.2 146
23 180 48.3 151
24 112 69.0 130
Mean ± SE 172*21 64.4*8.5 145*5.2
High dose 25 180 61.0 134
26 190 80.6 159
27 246 95.1 141
28 230 51.2 140
Mean ± SE 211*16 71.9*9.8 143*5.4
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TABLE 3
Weights of Zinc Shot Administered and Remaining in the Gizzard at the
End of the Experiments
Weight of f ive  No.6 shot administered Weight of zinc shot removed
to test group incorporated in a at post-mortem. Number of
gelatin capsule • shots is in parentheses.
Bird No. g g
11 0.388 0.127 (5)
12 0.401 0.101 (4)
13 0.405 0.184 (5)
14 0.396 0.132 (5)
15 0.394 0.120 (5)
16 0.387 0.151 (5)
17 0.395 0.130 (5)
18 0.398 0.136 (5)
19 0.407 0.147 (5)
20 0.404 0.141 (5)
25 0.804 0.139 (6)
26 0.792 0.162 (6)
27 0.774 0.372 (10)
28 0.801 0.286 (8)
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Analyses of the livers for zinc (Table 2) showed a control mean level 
of 171 yg g-1 (range 112-247 yg g-1) and a low dose mean level of 
217 yg g-1 (range 180-270 yg g -1 ). Only two birds from either dosed 
group had l iv e r  zinc levels (260 and 270 ng g-1) which exceeded the
maximum control level of 247 yg g-1 zinc. However, the low dosed group
had s ta t is t ic a l ly  higher levels of zinc in the l iv e r  ( t  = 3 .0 , DF 18, 
P 0 .0 1 ) , compared with the controls.
Feather levels of zinc were not s ta t is t ic a l ly  d ifferent between the 
groups. The birds were in fu l l  feather when the experiment began, and 
zinc deposition in the feathers of moulting birds was not studied.
Shot erosion and absorption
The zinc shot remaining in the gizzard at the time of post-mortem was 
removed, washed and reweighed.
Of the 14 dosed birds from both groups, 10 retained a ll th e ir  original 
dose throughout the 28-day experiment (Table 3 ). The mean apparent 
erosion rate for the lower dose group was 261 mg over 28 days, or 
9.32 mg per day, and for the high dose group (based on one bird which 
retained a ll 10 shot) i t  was 402 mg, or 14.4 mg per day.
A survey carried out in the USA by Bel rose (1959) showed th a t, of the
duck gizzards which contained lead shot, 65% contained one shot and 15%
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contained two. Similar figures for mallard gizzards have been given by 
Mudge (1983) from a survey carried out in Great B rita in . The lower 
dose ( f iv e  shot) in the present study therefore represents a rea lis t ic  
maximum which could be expected under f ie ld  conditions.
Calculations of average dietary exposure of each bird during this study 
based on 100 g of food per day, per bird and the relevant daily shot 
erosion rate over 28 days, gave an equivalent dietary intake of less 
than 100 mg kg-1 of zinc for the low dose birds, and 150 mg kg-1 for  
the high dosé birds. The la t te r  calculation was again based on the one 
bird which retained a ll ten shot, and which was the most testing case 
from this study.
I t  is known that developing chickens can consume feed contaminated with 
various zinc salts up to a level of 1000 mg kg-1 for nine weeks without 
harm (Mehring et a l . ,  1956; Robertson & Schaible, 1960; Johnson et a l . ,  
1962). To exceed these levels of zinc intake in our study i t  would 
have required in excess of 50 shot per bird to be ingested.
Gasaway & Buss (1972) studied the effects on mallard of even higher 
levels of zinc exposure. They blended the chemical zinc carbonate into 
pelleted bird feed at concentrations ranging from 3000 mg kg-1 to 
12000 mg kg-1. I t  is not clear whether the mallard's subsequent severe
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loss of appetite, weight and locomotion, plus anaemia, e tc . ,  were due 
to the unpalatability of the chemical, or to toxic effects (Wobeser, 
1981). Either way, i t  is obviously undesirable for birds to have to 
absorb these extremely high levels of zinc compound in the ir  food.
At the other end of the spectrum, zinc is required as a trace element 
in the diet of animals and is often added to feeds in concentrations of 
around 250 mg kg-1. The current study sought to relate the intake by 
mallards of re a l is t ic a l ly  high numbers of metallic zinc shot (as found 
in normal f ie ld  conditions) to measured rates of absorption, and 
subsequent effects on health. I t  has been demonstrated that a bird 
with 10 shot in its  gizzard e ffective ly  absorbs the equivalent of 
150 yg g-1 zinc in its  d iet in 28 days. The most severe zinc to x ic ity  
studies (Chupp & Dalke, 1964; Gasaway & Buss; 1972) cannot therefore be 
related to the l ik e ly  rates of zinc shot ingestion by wildfowl. They 
may be more relevant to the specific effects of mining and smelting 
pollution on these birds.
In a similar study to ours Grandy et a l . (1968) reported that three out 
of f if teen  mallards dosed with eight No.6 zinc-based shot died within 
30 days of ingestion. Only three surviving birds retained some shot 
until the end of the 30-day study. Severe weight losses, plus walking 
and muscular control problems were noted. The results contrast
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strongly with ours, possibly because Grandy et a l . used shot produced 
from a material containing only 92% zinc and 7% undetermined 
impurities.
CONCLUSION
I t  is established tha t, each year in Great B rita in , 8000 mallards die 
after ingesting lead gunshot (Mudge, 1983) and nearly 4000 mute swans 
die a fte r  accidentally picking up lead fishing weights (NCC, 1981). In 
the USA, a programme of usage of non-toxic shot has improved the 
situation, and now non-toxic pe lle t areas have been established in 32 
States (White & Stendell, 1977). In Great Britain new laws (The 
Control of Pollution (Anglers' Lead Weights) Regulations, 1986) were 
introduced at the beginning of 1987, to help protect the indigenous 
swan population. I t  is now an offence to import or supply lead weights 
for angling of over 0.06 g and up to and including 28.35 g. There is 
some reason to anticipate a similar movement concerning the usage of 
lead based gun shot, now that the former issue has been resolved.
The zinc shot prepared by AM & S Europe for this experiment has shown 
i t s e l f  to be non-toxic, based on observations of the mallard during the 
28-day experimental period, post-mortem examination, histo-pathological
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examination and also chemical analysis of various tissues removed at
post-mortem. Furthermore, the rates of zinc absorption have been
measured and found to be considerably lower than the levels often fed 
to farm animals in the form of beneficial food supplements. Based on 
the data currently available, i t  would seem that zinc, in m etallic  
form, would be an acceptable material to use as a base in fishing
weights and shotgun pellets .
REFERENCES
Beer, J.V. & Stanley, P. (1963-4). Lead poisoning in the Slimbridge
Wildfowl Collection. Ann. Rep. Wildfowl Trust, 16, 30-4.
Bel rose, F.C. (1959). Lead poisoning as a mortality factor in 
waterfowl populations. Bull. 111. St. Nat. H ist. Surv., 27, 
235-88.
Birkhead, M. (1981). How the fishermen k i l l  the swans. New S c ien t., 
90, 14-15.
Chupp, B.R. & Dalke, D.P. (1964). Waterfowl mortality in the Coeur
d'Alene River Valley, Idaho. J. W ild l. Mgnt., 28 (4), 672-702.
141
Clausen, A.B., Dalsgaard, H. & Woldstrup, C. (1975). Mabrud of 
blyforgiftning blandt danske knopsuaner ( Cygnus o lor) .  Dansk. 
Vet. Tidssker., 21, 843-7.
Del Bono, G. (1970). I I  saturismo degli uccelis aquatici a r r a l i .  
Fac. Med. Vet. Univ. Pisa, 23, 102-51.
French, M.C. (1982). Lead poisoning in Bewick swans. BTO News, 
121, 1.
Gasaway, W.C. & Buss, I.O . (1972). Zinc to x ic ity  in the mallard duck. 
J. W ildl. Mgnt., 36 (4 ), 1107-17.
Grandy, J.W., Locke, L.N. & Begley, G.E. (1968). Relative to x ic ity  of 
lead and f ive  proposed substitute shot types to pen-reared 
mallards. J . W ild l. Mgnt., 32 (3 ), 483-8.
Hunt, A.E. (1980). Mute swan investigations - lead poisoning. BTO 
News, 110, 1-2.
Johnson, D .J r .,  Mehring, A .L .J r .,  Saving, F.X. & Titus, H.W. (1962). 
The tolerance of growing chickens for dietary zinc. Poultry S c i . , 
41(1), 311-17.
142
Jordan, J.S. & Bel rose, F.C. (1951). Lead poisoning in wild
waterfowl. 111. St. Nat. H ist. Surv. Biol. Notes, No.26.
Mehring, A .L .J r . ,  Brumbough, J.H. & Titus, H.W. (1956). A comparison 
of the growth of chicks fed diets containing d iffe ren t quantities 
of zinc. Poultry Sc i. , 35, 956-8.
Mudge, G.P. (1983). The incidence and significance of ingested lead 
pelle t poisoning in British wildfowl. Biological Conservation, 27, 
333-72.
Nature Conservancy Council (NCC) (1981). Lead poisoning in swans.
Report of the NCC's Working Group, London, NCC.
Owen, M. & Cadbury, C.J. (1975). The ecology and m ortality of swans at 
the Ouse Washes, England. Wildfowl, 26, 31-42.
Robertson, R.H. & Schaible, R.J. (1960). The tolerance of growing
chicks for high level of d iffe ren t forms of zinc. Poultry S c i . ,
39 (4), 893-6.
Simpson, V.R., Hunt, A.E. & French, M.C. (1979). Chronic lead 
poisoning in a herd of mute swans. Environ. P o l lu t . ,  18, 187-202.
143
Trainer, D.O. & Hunt, R.A. (1965). Lead poisoning of whistling swans 
in Wisconsin. Avian P is . , 9, 252-64.
US Fish and W ild life  Service (1976). Proposed use of steel shot for  
hunting waterfowl in the United States. Final Environmental 
statement, Washington, DC, US Dept, of the In te r io r ,  Fish and 
W ild life  Service.
White, D.H. & Stendell, R.C. (1977). Waterfowl exposure to lead and 
steel on selected hunting areas. J . W ild l. Mgnt., 41, 496-75.
Wobeser, G.A. (1981). Diseases of wild waterfowl. Plenum Press, New 
York.
Chapter 10
Modification of Lead Toxicity following Simultaneous 
Ingestion of Lead and Zinc by 
Mallard Ducks {Anas platyrhynchos)
INTRODUCTION
The to x ic ity  of environmental pollutants is often attributed to single 
elements or compounds, when in fact an interaction between two or more 
contaminants could have a profound effect on the physiological state of 
the animal (Durham 1967). Some combinations can potentiate the 
to x ic ity  of individual chemicals (Keplinger and Deichman 1967; Dieter 
and Ludke 1978), while other combinations can yield some degree of 
protection (Ball et a l . 1954; Cerklewski and Forbes 1976).
I t  is known that dietary balance (Bari trop and Khoo 1975), 
physiological condition (Finley and Dieter 1978), age (Forbes and Reina 
1972), dietary constituents (Tompsett 1939), seasonal factors (McEwen 
1963) and temperature (Rattner et a l . 1987) can influence the degree of 
to x ic ity  of environmental contaminants.
This study investigates the possible effect of the ingestion of lead 
fishing weights which are known to be widely available to our 
indigenous swan population, and a proposed fishing weight
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substitute, zinc, to mallard ( Anas platyrhynchos) ,  a situation which 
could readily occur in regularly hunted or fished areas.
METHODS
Eighteen adult mallard (Anas platyrhynchos) were used in this study, 
divided into three separate groups of six birds, three males and three 
females in each group. The birds were acclimatised to pen conditions 
for nine days prior to the study. The birds had free access to food, 
g r i t  and water at a ll times during the t r ia l  period. The food 
consisted of wheat, barley and turkey crumbs in equal volumes, a 
mixture found to be suitable for ducks on previous occasions. Each 
group was housed in a separate f l ig h t  pen which measured 4 x 2 x 2  
metres. The pens were washed each day. Two 1 4 - l i t re  water containers 
were located in each pen and changed twice da ily .
Each bird was radiographed and weighed before dosing. The lead dosed 
birds, group two, were each given a single oral dose of five lead 
fishing weights incorporated in a gelatin capsule. The combined lead 
and zinc dosed birds, group three, were each given a single oral dose 
of five lead fishing weights and five No.6 high grade zinc shot 
incorporated in a gelatin capsule. The control group birds, group one, 
each received an empty gelatin capsule.
146
The lead weights and the zinc shot were weighed before dosing 
commenced.
X-rays were taken a fter  4 days to determine i f  any weights had been 
lost from the gizzard. Ten days a fter  dosing the a c t iv ity  of the 
gizzard and alimentary trac t in a ll the birds was determined by means 
of a barium test meal. The birds were dosed a fte r  overnight starvation  
with a slurry of barium sulphate introduced d irec tly  into the 
proventriculus by means of plastic catheter attached to a 10 ml 
syringe. X-rays were then taken 20 minutes, 40 minutes and 1 hour 
after dosing.
RESULTS AND DISCUSSION
After four days two birds, one from each group, both females, number 11 
and 16, had voided one shot each. At post-mortem the lost shot from 
birds 11 and 16 was shown to be lead. All the dosed birds showed signs 
of lead poisoning, green stained vent feathers, lack of appetite and 
consequent loss of weight. The c lin ical signs of lead poisoning were 
more apparent in the group I I  birds than in group I I I ,  the combined 
dosed birds. In the second week of the study a ll the dosed birds 
showed signs of weakness and a desire to congregate in groups away from
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disturbances. The birds were k illed  at the end of the study by 
intravenous injection of sodium pentobarbitone and immediately 
post-mortemed. The control group were in good condition, with large 
body fa t  reserves, and showed no signs of disease or damage. The birds 
from both dosed groups showed typical signs of lead in toxication, 
distended gall bladders, severe loss of weight and dark and flabby 
intestines.
Four birds from group 2, 2 males and 2 females had impacted gizzards, 
the remaining female had a substantial quantity of food in the gizzard 
but none in the alimentary t ra c t ,  the digestive system of the remaining 
male had a small quantity of food present but was flabby and dark in 
colour. However, none of the lead-zinc dosed group of birds showed any 
impaction of food in the gizzard or proventriculus.
Body weights
All the control birds gained weight, and mean weight gains were 88 g 
(range 80-111 g). Mean weight losses for the lead dosed group and 
combined lead-zinc dosed group were 349 g (range 310-394 g) and 286 g 
(range 237-310 g) respectively. The lead dosed group lost  
sign ificantly  more weight than did the combined lead-zinc dosed group 
( t  = 3.37, df 10, P 0.0071).
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Shot erosion
The zinc and lead weights remaining in the gizzard at the time of 
post-mortem were removed, washed and reweighed.
Of the twelve dosed birds from both groups, ten retained a ll  th e ir  
original dose throughout the 18-day experiment (Table 2 ) .  The mean 
rate of erosion of lead for group 2, based on the five birds which 
retained a ll the original lead dose, was 206 mg over 18 days or 11.4 mg 
per day. The tota l erosion and da ily  exposure of lead in group 3 was 
significantly  higher than group 2 ( t  = 3.01, df 8 .0 , P 0.0168) at 
219 mg over the 18 days t r ia l  or 12.2 mg per day again based on the 
f ive  birds which retained a ll the original dose. The mean erosion rate 
of zinc in group 3 was 118 mg over 18 days or 9.9 mg per day.
Analysis of tissue for lead and zinc
Chemical analyses of l iv e r ,  kidney and bones were carried out on tissue 
removed at the time of post-mortem from a ll three groups of birds. The 
results of lead and zinc determinations in the various tissues are 
shown in Table 1. Liver lead levels in group 2 (mean 153 yg g-1, range 
70.5-216 yg g-1) were exceeded by those in group 3 (mean 539 yg g-1 
range 312-1180 yg g-1) and were s ta t is t ic a l ly  d iffe ren t ( t  = 2.91, df 
10, P 0.0155). The maximum l iv e r  value for lead, 216 yg g-1 in group 
2, was lower than the minimum l iv e r  value for lead, 312 jig g-1, in
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group 3. Kidney lead residues showed a sim ilar pattern: group 2 mean 
266 yg g-1 (range 398-344 yg g-1) and group 3 mean 447 yg g-1 (range
398-521 yg g-1) ( t  = 4.05, df 10, P 0.0023). The maximum value of
group 2, 344 yg g-1, did not exceed the minimum value of group 3, 
398 yg g-1.
Bone levels showed a reverse pattern: mean bone levels for group 2 and
group 3 were 299 yg g-1 (range 226-356 yg g-1) and 110 jjg g-1 (range
68.2-140 yg g-1) respectively and were s ta t is t ic a l ly  d ifferent ( t  = 
7.18, df 10, P 0.0001). The maximum value for group 3, 140 yg g-1, did
not exceed the minimum value of group 2, 226 yg g-1.
The levels of zinc in the livers  of the control group 1 and the lead
dosed group 2 were not s ign ificantly  d i f fe re n t ,  group 1 mean 173 yg g-1
(range 114-206 yg g-1) and group 2 mean 160 .yg g-1 (range
114-206 yg g -1 ). There was a s ignificant difference between group 1 
and group 3 mean at 242 yg g-1 (range 198-259 %g g-1) ( t  = 4.27, df 10,
P 0.0016) and also between groups 2 and 3 ( t  = 4.95, df 10, P 0.0006).
Kidney zinc levels were higher in group 3 than the control group 1 ( t  = 
5.52, df 10, P 0.0003). Mean values and ranges for group 1 and 3 were 
62.0 yg g-1 (range 54.2-78.1 yg g-1) and 84.9 yg g-1 (range
78.1-92.1 yg g-1) respectively. The difference between the control 
group 1 and group 2 (mean 70.9 yg g-1, range 44.6-90.1 yg g-1) and also 
between groups 2 and 3 were not s ign ificant.
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There was no sign ificant difference between the bone levels of zinc in 
groups 1 and 2, mean and ranges for groups 1 and 2 were 107 yg g-1 
(range 87.2-132 yg g-1) and 111 yg g-1 (range 86.0-136 yg g-1) 
respectively. There was, however, a s ign ificantly  higher level of zinc 
than the controls in group 3: mean 285 yg g-1 (range 219-316 yg g-1) 
( t  = 11.32, df 10, P 0.0001). The level of zinc in group 3 was also 
higher than group 2 ( t  = 7.18, df 10, P 0.0001).
Barium test meal taken 10 days a fter dosing
The X-rays taken 20 minutes a fter  administration of barium sulphate 
showed radio opaque material in the intestines of the control group of 
birds and peris ta lic  movement could be clearly seen. Forty minutes 
afte r  dosing barium sulphate could be seen in the large in testine ,  
ileum and cloaca. Group 3 the combined dosed birds, showed similar 
alimentary tract a c t iv i ty ,  except for one female which showed no gut 
a c t iv ity  a fter  a th ird  X-ray taken 60 minutes la te r .  Three of the 
birds from group 2, two females and one male, showed no movement of the 
test meal a fte r  1 hour; two more, one female and one male, had a 
gizzard and alimentary trac t movement considerably slower than the 
control group. P e r is ta lt ic  movement could not be detected but radio 
opaque material could be seen in the duodenal section of the small 
intestines a fter  1 hour. The remaining male had normal gut a c t iv ity .
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Although, in general, tissue levels of lead were higher in group 3 than 
in group 2, the c lin ica l signs of lead poisoning during the 18 day 
t r ia l  were less pronounced in the combined dosed birds, demonstrating a 
limited protective action of zinc against lead to x ic ity .  Zinc has many 
therapeutic uses and has been shown to have a protective action against 
chemical damage in rats (Cerklewski and Forbes 1976), algae (Roderer 
1986) and cultures of Englena grac ilis  (Falchuk et a l . 1975). The 
continued gut a c t iv ity  in group 3 a fter  the tenth day of the experiment 
when gut a c t iv ity  in group 2 had stopped in a ll but one bird indicates 
th a t, despite higher tissue lead levels in the combined dosed birds, 
they were able to bind the lead in a less toxic state . I t  is thought 
that increased zinc intake can induce both renal and hepatic 
metallothionein (Bremner 1974) and this could bind up the lead in a 
less toxic form. Detoxification of lead is most l ik e ly  to have 
occurred in the alimentary t ra c t .  Cerklewski and Forbes (1976), in 
part of the ir  study, injected zinc into rats fed on a high lead d iet  
and found no protective mechanism of zinc administered in th is way; 
however, they did find a beneficial effect of feeding a high zinc d iet  
to rats simultaneously fed on high levels of lead.
The daily dietary level of lead in the group 3 birds using a uniform 
erosion rate of lead of 12.2 mgm and mean daily food consumption was 
148 ppm on day 1 to 400 ppm on day 17. Both levels are higher than
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zinc s im ilarly  calculated. Blood lead levels at post-mortem were mean 
418 g/100 ml (range 390-460 jig/100 ml) and mean 401 jjg/100 ml (range
360-440 Jig/100 ml) for lead fosed and lead zinc dosed birds 
respectively and were not s ign ificantly  d iffe ren t ( t  = 1.0674, DFIO, 
P 0.3109). This indicates that lead absorption in the alimentary canal 
is not influenced by the presence of higher than normal levels of zinc 
which is contrary to the findings of Cerklewski and Forbes (1976) whose 
work showed a decreased level of lead in blood, l iv e r ,  kidney and 
t ib ias  of rats. But in th e ir  study dietary levels of zinc exceeded 
those of lead. Continued gut a c tiv ity  in the combined dose group 3 
birds would account for the higher erosion of lead in this group.
The highest level of zinc supplementation used by Cerklewski and Forbes 
(1976) was 200 ppm and this reduced the toxic e ffect of 200 ppm lead to 
that of 50 ppm. In my study assuming a uniform erosion rate of zinc of 
10.5 mgm per day, the daily  dietary level of zinc in group 3 ranged 
from 120 ppm on day 1 to 328 ppm on day 17. These figures are well 
below the level of zinc dose feed of 1000 ppm shown to be tolerated by 
chickens (Mehring et a l . 1956) and can be classed as non-toxic. The 
lower levels of lead in the bone of the combined dose group of birds 
indicate that either bone has a greater a f f in i ty  for zinc than lead or 
that the lead in the soft tissues of the body is not available for 
absorption. The la t te r  is most l ik e ly  since the higher tissue levels 
of lead in the mixed dosed birds were having less influence on the 
physiological state of the bird than the lower tissue levels of lead in
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group 2. In a study by Willoughby et a i . (1972), lower levels of lead 
were found in the bones of young horses when dosed with toxic levels of 
lead and zinc than lead alone. They also noted that combined lead/zinc  
dosing gave signs of only zinc intoxication. Different results were 
obtained in a similar study with pigs in that zinc enhanced the toxic  
effect of lead when they were both fed at toxic levels together (Hsu ^  
a l . 1975). Adminstration of zinc can induce bone resorption in the rat  
(Yamaguchi et a l . 1983) and also promote significant elevation of zinc 
content of the femur, so a preference of bone for zinc rather than lead 
cannot be discounted. This may also lead to an elevation of lead 
levels in the soft tissues.
Zinc is essential to numerous metalloenzymes, one of which is ALAD. 
This enzyme is involved in haemoglobin synthesis and is a sensitive 
biochemical indicator of lead tox ic ity  (Weissberg et a l . 1971). In a 
case of human lead poisoning, the administration of Ca EDTA for 
chelation therapy induced excretion of lead, but further depressed 
blood ALAD (Thomasino et a l . 1977). The a c tiv ity  of the enzyme was 
restored following oral administration of zinc. I t  is also believed 
that loss of zinc during chelation therapy for the treatment of lead 
poisoning is responsible for the toxic side effects of this drug 
(Brownie and Aronson 1984).
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The examination of duck gizzards in America (Jordan and Bell rose 1951) 
and Great Britain (Mudge 1983) showed tha t, of those which contained
shot, 80% contained no more than two. In Great Britain the average
number of fishing weights ingested by swans has been shown to be 
between 7 (Birkhead 1982) and 11 (Simpson et a l . 1979). This present
study has examined the effect of ingesting a re a l is t ic  number of shot
which could occur i f  zinc is adopted as an a lternative to lead as a 
shotgun pellet on fishing weight. The t r ia l  has shown that zinc is 
unable to stop the progress of lead intoxication but has a limited  
protective action which may be therapeutically important i f  the ratio  
of zinc to lead was increased. But most important this study has shown 
that there is no potentiation of the effects of lead intoxication.
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TABLE 1
Results of l i v e r ,  kidney and bone analyses of Mallard for lead and zinc expressed
in yg g-1 on a dry weight basis.
(mean ± SE)
Liver Kidney Bone
itro l
ad dosed
ad/zinc 
sed
rd No. Lead Zinc Lead Zinc Lead Zinc
1 <5 186 <5 59.6 38.1 118
2 <5 164 <5 54.2 31.0 102
3 <5 206 <5 78.1 31.0 102
4 <5 114 6.1 62.7 46.0 87.2
5 <5 183 <5 59.9 29.2 98.1
6 <5 188 10.8 58.0 41.0 106
173±13.0 8.411.1 6213.3 34.213.7 10716.4
7 108 160 303 74.1 340 124
8 120 141 344 68.2 226 95
9 216 206 325 70.1 292 122
10 210 114 300 44.6 356 136
11 70.5 190 83.6 90.1 232 105
12 195 150 244 78.4 353 86
153±25 160±13 266113.6 70.916.1 299124 11117
13 405 238 400 89.4 112 280
14 414 259 411 92.1 98.4 311
15 1180 198 521 79.1 68.2 219
16 498 260 493 82.0 111 290
17 312 252 398 88.6 140 298
18 430 249 460 78.1 131 316
539+130 242±9 447121 84.912.3 110110.3 285114
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TABLE 2
Weights of zinc and lead fishing weights administered to Mallard and 
remaining in the gizzard at the end of the experiment.
Number of weights in brackets.
Weight of shot administered 
to test groups (g)
Weight of shot eroded (g)
Bird Lead Zinc Lead Zinc
7 0.510 0.201 (5)
8 0.492 0.211 (5)
9 0.520 0.220 (5)
10 0.487 0.197 (5)
11 0.477 0.297 (4)
12 0.500 0.201 (5)
13 0.481 0.397 0.214 (5) 0.131 (5)
14 0.474 0.401 0.222 (5) 0.198 (5)
15 0.510 0.386 0.234 (5) 0.146 (5)
16 0.531 0.409 0.378 (4) 0.192 (5)
17 0.496 0.403 0.212 (5) 0.211 (5)
18 0.510 0.400 0.217 (5) 0.201 (5)
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Chapter 11
Final Discussion
There is l i t t l e  doubt that lead poisoning, following the ingestion of 
fishing weights, has k il led  a considerable number of swans in many 
parts of B rita in . East Anglia is no exception. I t  rates as one of the 
worst areas in lowland B rita in , in that up to 74% of swans found dead 
and then included in my survey were found to have died of lead 
poisoning.
The deaths of waterfowl caused by lead poisoning is not a new 
phenomenon. Ingested lead gunshot has probably always been the prime 
cause of deaths in ducks, however in recent years lead poisoning due to 
anglers s p li t  shot was shown to be a major mortality factor in the Mute 
Swan in B rita in .
Lead fishing weights have been in use for over 150 years, until th e ir  
ban in 1987. Surprisingly, they only appear to have caused noticeably 
substantial deaths of Mute Swans in the past two decades. I t  has been 
suggested that the problem began in the la te  1950s (Hunt 1977). Prior
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to th is date i t  was common practice for anglers to keep the ir  terminal 
tackle (hooks, weights and f lo a t)  on a winder ready for use and then 
return them to the winder at the end of a days fishing. However, using 
the newly introduced nylon monofilament l in e ,  the tendency was to 
remove the hook and s tr ip  o ff  the lead weights, allowing them to fa l l  
into the water or onto the river bank. This practice must have 
contributed to the 250 tonnes of lead weights estimated to have been 
lost in or near British rivers each year (NCC Report 1981). Birkhead 
(1982) calculated that this amounted to 2 shot for every 30 cm of river  
in th is country.
Why then do swans eat lead fishing weights? I t  has been suggested that 
they do so in mistake for g r i t  needed to aid digestion or accidentally  
when they attempt to free themselves from line  entanglement or when 
eating bait used by anglers (Sears 1988). Whilst the la t te r  is  
probably true, the results in Chapter 2 suggest that most weights are 
eaten by choice.
The 1987 ban on the use of lead fishing weights has generally resulted 
in an improvement in the s ituation. The number of swans dying of lead 
poisoning has declined and blood lead values have sim ilarly  fa llen  
(Sears 1988). This implies that swans are k illed  by lead weights that 
have been freshly deposited. Previous to the ban, this idea was
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supported by evidence of lead poisoning occurring in swans in areas
where fishing had only recently been permitted. The following are 2 
examples. Lead weights discarded at a pond near Coalv ille ,  
Leicestershire were responsible for the death of one swan within 2
months of the pond being opened for fishing. S im ilarly , 3 swans died 
within 6 months of fishing commencing at the lake at Melbourne Hall in 
Derbyshire (Perrins 1985).
Evidence from other studies also shows that swans die after eating
large fishing weights and ledgers (NCC Report 1981). The size of g r i t  
in the one hundred swans sampled in Chapter 2 was smaller than the vast 
majority of ingested lead weights, suggesting that they select weights 
which are of a larger size than the ir  favoured g r i t .  I believe this  
evidence supports the theory that lead weights, when available, are 
ingested by choice.
During the early 1980s, i t  was often argued that swans could have been 
killed  by lead which came from petrol engines on boats or from lead in 
the run o ff  from roads. Both ideas can be discounted. Water
Authorities carry out regular checks on river water and they have 
reported no detectable elevation in lead concentration. Background 
levels of lead in soil and on vegetation vary considerably and, in some 
cases, lead levels can be very high. However, swans liv ing  and feeding 
in these areas do not re flect these levels (Chapter 2 ) .
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I t  is true to say that a l l  swans, which I have examined, carry a 
background level of lead in the ir  tissues, caused by environmental 
contamination, probably most of which originates from petrol-engined 
motor vehicles (Chapter 2 ) .  However, very high tissue levels of lead 
in swans are nearly always associated with fishing weights present in 
the gizzard. Other workers have recorded seasonal variations in the 
blood lead values of swans from fished areas, unlike levels recorded in 
unfished waters (Birkhead 1982, Sears 1988).
I t  has been shown that a breeding population of swans can be reduced on 
rivers subjected to navigation (Hardman and Cooper 1980), and declining 
river quality can further reduce a r iver's  value as a breeding habitat 
(Bacon 1980, Birkhead 1981). The lack of vegetation would undoubtedly 
make i t  easier for swans to pick up lead weights. I t  is also possible 
that the lack of river vegetation affects a swan in such a way as to 
make i t  more vulnerable to lead poisoning, other work has suggested 
that a diet of vegetable material could have a therapeutic or 
protective effect against lead poisoning (Jordan & Bell rose 1951).
In v i t ro ,  i t  has been shown that constituents of the swans natural d ie t  
have no detectable action when homogenised with a solution of lead 
(Chapter 7 ).  However, Chapter 7 presents evidence to support the idea 
that dietary supplements, namely bread and wheat, can play an important 
role in reducing the effect of lead intoxication.
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I t  is possible that d ie t may play a supportive role during treatment 
for lead poisoning, in that bread or wheat would help immobilise lead 
in the gut and prevent i ts  re-absorption. I t  is therefore possible 
that in the f ie ld ,  the swans' diet could be a deciding factor in 
whether birds survive ingestion of a small amount of lead. This 
situation could exist in the wild, since swans on many rivers rely  
heavily on the public to supplement th e ir  d iet with bread and, in some 
areas, bread forms a major part of th e ir  d ie t (Birkhead 1982, Sears 
1989).
Following the publication of the Nature Conservancy Council Report 
(1981), the media mounted a prolonged campaign featuring the plight of 
the lead-poisoned swan. Members of the public were encouraged to
report dead or dying swans to interested organisations. Many schools 
used lead poisoning in swans as a w i ld l i fe  project and several swan 
rescue groups were set up in d ifferent parts of the country. Despite 
this extensive media coverage and public awareness, only a small 
proportion of the approximately 3,700 swans, estimated to die each year 
from lead poisoning, were notified (Perrins 1985). This leaves a vast 
majority of bodies unreported to any o f f ic ia l  organisation. The 
results of the carcass-recovery experiment (Chapter 2) show that only 
35% of the bodies which were returned to th e ir  original location were 
re-reported, but 69% disappeared, a ll within 12 days.
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Lead and calcium are said to follow the same metabolic pathways (Clarke 
& Clarke 1975) and this link  has been used to explain some features of 
lead poisoning. I f  this theory is correct then the increased calcium 
need during the formation of eggshells should provide an ideal te s t .  
However, using pigeons the results from Chapter 3 indicate that these 
metabolic links are d i f f ic u l t  to demonstrate in lead-poisoned birds. 
There was no detectable change in blood lead values during the 
formation of eggshells, a time of maximum calcium stress in the female 
bird. The calcium/lead ratio  in the bone of the laying birds differed  
greatly from the calcium/lead ratio  in the eggshells produced by these 
birds. These results indicate either that calcium and lead are not 
closely metabolically linked, or that calcium for eggshells is almost 
entire ly  derived from the diet and not the medullary bone. Both views 
are counter to popular b e lie f .
Throughout the past 10 years, inexperienced animal welfare groups have 
treated lead-poisoned swans with l i t t l e  success. In some cases 
considerable suffering was caused due to lack of veterinary supervision 
and misuse of drugs. Experiments carried out by Bratton (1981) showed 
that daily  injections of thiamin (Vitamin Bi) was successful in 
treating lead poisoning. Here was a drug that would be readily  
available, easy to use, and would overcome many of the problems 
encountered when in inexperienced hands, a fter a ll i t  is "a naturally
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occurring compound, readily enters the c e l l ,  is not toxic and 
e f f ic ie n t ly  reduces the to x ic ity  of lead" (Bratton 1981). 
Unfortunately, in i t ia l  optimism was unfounded, and I am unable to 
confirm Bratton's treatment, and my study (Chapter 6) has shown l i t t l e  
therapeutic value in thiamin administration.
When swans are undergoing treatment for lead poisoning, analysis of the 
levels of lead in blood and, more importantly, the urine should be 
undertaken to determine the effic iency of therapeutic action. However, 
urine collection in birds would be time consuming and d i f f i c u l t ,  apart 
from being stressful for the birds. Evidence from Chapter 5 shows that 
faecal lead measurement may be therapeutically important in that i t  is 
an indicator of the body's natural a b i l i ty  to eliminate lead. 
Treatment for lead poisoning may also enhance this process of gut 
excretion but I did not test th is  aspect.
At the present time, when dead swans are categorised as lead poisoned, 
the c r i te r ia  used include e ither tissue lead values, veterinary  
evidence ( ie  symptoms) or a combination of both. I t  is a valid  
question to ask as to what tissue value should be set and what can we 
classify as suffic ient veterinary evidence to confirm lead poisoning. 
The usual tissue values are 50 mg/kg-1 for l iv e r  and 125 mg/kg-1 for  
kidney and these have been used in this thesis and also extensively in
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recent l i te ra tu re  (Simpson 1979, French 1982, Birkhead 1982, Sears 
1988). However, these values should be open to question and provided 
that there is suffic ient other evidence, they could be changed. In 
Chapter 2, veterinary or post-mortem evidence together with lower than 
usual tissue lead values were used to place 68 swans in the lead- 
poisoned category. Without chemical analysis of tissue, diagnosis of 
lead poisoning from post-mortem symptoms alone would be very d i f f i c u l t ,  
since much of the damage exhibited in the organs of lead-poisoned birds 
is  similar to that of starvation, which could be caused by other events 
(Wobeser 1981). The deciding factor at post-mortem examination is 
usually the presence of lead weights in the gizzard, but these may not 
always be present or detected.
Many swans collide with overhead cables and other obstacles and 
research has shown that swans which are carrying higher than background 
levels of lead in th e ir  tissue may be more prone to collis ion
accidents. Location of wires and cables over areas of water which are 
suitable for swans w ill  obviously increase the risk of co ll is io n . But 
results from Chapter 7 show that sublethal lead poisoning affects a
bird 's  a b il i ty  to function normally, in that landing a b i l i ty  is
s ign ificantly  influenced by lead in toxication. Thus swans, which were 
classified as having died accidentally by co llis ion , but which had
higher than background levels of lead in the ir  tissues, might r igh tly
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also have been classified as lead-poisoned. Perhaps consideration 
should be given to the introduction of another category when defining 
lead poisoning in b irds:- acute, chronic and contributory.
The analysis of a single tissue for lead may also not give a true 
indication of body load or e ffe c t.  Results from Chapter 3 lend weight 
to this view. The seasonal change in l iv e r  lead residues noted in this  
study also indicates that a degree of caution should be used when 
interpreting data from birds sampled at d ifferent times of the year. 
The change in l iv e r  lead levels was closely linked to the moult and 
associated zinc metabolism.
One of the many recommendations of the NCC Report on lead poisoning in 
swans was to encourage research to develop non-toxic alternatives to 
anglers' lead weights. The search for a suitable a lternative for lead 
gunshot has been underway since the early 1950s (Longcore et a l . 
1974). Nearly a l l  these alternatives were based on lead, e ither in 
combination with or coated with various other metals. All proved to be 
toxic and were rejected. However, steel gunshot has been successfully 
developed and is regularly used, particu larly  in the United States of 
America. Steel formed the basis of the f i r s t  fishing weight 
alternative (Evode) to be tested by me at Monks Wood for possible toxic  
effects . Tests on other substances followed, tungsten (Sandvik 
Safeweight, now available as a safe shotgun cartridge p e l le t ) ,  t in
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(Thamesley Sureshot) and f in a l ly  zinc (A M and S Europe and Dinsmore). 
All proved to be environmentally safe and the findings for one example, 
zinc, is i l lus tra ted  in Chapter 9. During this particular study, on 
ducks receiving what was purported to be a nu tr itiona lly  balanced d ie t ,  
i t  became evident that zinc had a measurably beneficial e ffect on 
feather quality . I t  is important to consider the possib ility  that any 
substitute fishing weight, once ingested, could modify the to x ic ity  of 
the ubiquitous lead weight. This situation could readily occur now 
that other materials, one being zinc, have been adopted as a suitable 
fishing weight.
Simultaneous ingestion of lead and zinc (Chapter 10) demonstrated a 
mildly protective action of zinc against lead to x ic ity .  The birds in 
this study were dosed with equal proportions of lead and zinc, but as 
more zinc is used and less lead is available, due to its  ban, the 
possib ility  exists that the levels ingested may be of considerable 
therapeutic importance. More importantly, this study has shown that 
there was no potentiation by zinc of the effects of lead to x ic ity .
Some aspects of this study, namely the post-mortem results and 
environmental survey, complement or confirm previous research in the 
Thames basin by Birkhead (1982) and Sears (1988). Other aspects, such 
as dietary constituents, excretion, effect on locomotion and calcium 
metabolism have to my knowledge not been reported in birds.
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